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Isolation of an Unpigmented Skin Reactive Constituent from 
Extracts of Ragweed Pollen by Electrophoresis.* 


H. A. Apramson, D. H. Moore, H. GETTNErR, J. GAGARIN AND 
L. JENNINGS. 
Irom the College of Physicians and Surgeons, Columbia University, the Mount 


Sinai Hospital, New York City, and the Biological Laboratories, Cold Spring 
Harbor, Long Island. 


In 1938 experiments were undertaken, using a conventional mov- 
ing boundary technique, to separate the fractions and to determine 
the electrical charge of the constituents of giant ragweed pollen 
extracts. At that time it was observed that the pigments in dialyzed 
ragweed extracts at pH 7.0 were negatively charged. The results 
during that summer and the succeeding winter, however, were con- 
tradictory, because the relation of the pigments to the biologically 
active constituents was uncertain. 


* This investigation has been aided by a grant from the Josiah Macy, Jr., 
Foundation. 
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Using the Tiselius! cell for the study of the moving boundaries of 
protein solutions and the Philpot-Svensson’ technic to analyze the 
quantity and nature of the constituents, further progress may now be 
reported. Figures la and 1 b are illustrations of the type of curves 
given by the major constituent. This major constituent is negatively 
charged, slow moving, unpigmented, and highly skin reactive in 
persons sensitive to ragweed. A minor constituent, about 1/5 that 
of the unpigmented major constituent, appearing in the pigment 
moves approximately 10 times as fast as the unpigmented major one 
in Fig. la. The pigments apparently did not all migrate with the 
minor boundary but also moved towards the positive pole. Fig. 1b, 
which also illustrates as a major constituent an unpigmented com- 
ponent has, in addition, several minor constituents migrating towards 
the positive pole. The electric mobility of the unpigmented skin 
reactive constituent is 0/05 /sec fat aCe limissot simterc-maae 
note that the electrical mobility of quartz particles in similar rag- 
weed solutions studied by Abramson, Sookne and Moyer*® approx- 
imately agrees with this value when temperature corrections for 
viscosity are made. 

In Fig. 2, the section of the electrophoresis cell labelled (a) shows 
a Schlierung pattern of the boundary between the unpigmented slow 
moving active constituent and the buffer; section (b) shows a lightly 
pigmented section; section (c) was so highly pigmented that prac- 
tically no light came through; and section (d) contained the ad- 


BGs Mb: 

This curve was obtained from another 
sample of ragweed and _ illustrates 
again the US fraction as well as four 
minor constituents migrating in or 
with the pigment. 


Fia. la. 


The white area labelled US is the 
Philpot-Svensson curve of the unpig- 
mented, skin reactive, slow moving con- 
stituent. The minor peak is a faster 
moving constituent in the pigment. 


1 Tiselius, A., Trans. Farad. Soc., 1937, 88, 524, 
2 Svensson, H., Koll. Z., 1939, 87, 190. 
8 Abramson, H. A., Sookne, A., and Moyer, L. S., J. Allergy, 1939, 10, 317. 
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Hie. 2. 

To conserve space, these Schlierung or band patterns of the constituents of 
extracts of ragweed pollen have been rotated 90° with the top of the electro- 
phoresis cell on the left hand side. The US fraction is indicated by the broad 
band in Fig. 2a. For description of sections b, ¢, d, see text. 


vancing column of pigmented constituents and shows many bands 
with electrical mobilities closely related to one another but with very 
low concentrations of each. These bands are essentially similar to 
those illustrated in Fig. Lb. 

It has been previously observed by one of us that the skin reactive 
constituents of giant ragweed extract may be introduced by an elec- 
trical field into the skin by either the negative or the positive pole. 
Indeed, it was surprising to observe that the positive pole was more 
efficient than the negative pole with unfractionated dialyzed solutions 
at pH 7.0. The present studies show that there was no positively 
charged component observable by the method in the six dialyzed 
extracts thus far studied. The absence of a positively charged skin 
reactive constituent is evidence in favor of the point of view of 
Abramson and Gorin* that diffusion forces primarily account for 
the movement of the skin reactive constituent into the skin during 
the passage of the current. 

Further experimental evidence that the positive pole may transport 
a negatively charged skin reactive constituent was obtained in the 
following way. A sample of the unpigmented active fraction was 
dialyzed for one hour against distilled water to remove phosphate 
buffer. It was then brought by addition of sodium hydroxide to 
pH 7.0. The nitrogen content of this solution was 0.25 mg/cm’. 
Using this dialyzed negatively charged constituent sufficient rag- 
weed was introduced by electrophoresis from the positive pole for 
3 minutes to produce a severe skin reaction in an individual markedly 
skin-sensitive to ragweed pollen. 

Some idea of the skin reactivity of the unpigmented fraction in 


4 Abramson, H. A., and Gorin, M. H., J. Physical Chem., 1939, 43, 34 Abram- 
son, H. A., and Gorin, M. H., Chem. Prod., 1940, 3, 37. 
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relation to its nitrogen content is given by the fact that a 1:1000 
dilution of a solution containing 0.3 mg of nitrogen/cm‘ still retained 
skin reactivity in a ragweed-sensitive case. That is, a solution con- 
taining 0.0003 mg of nitrogen/cm* scratched into the skin by the 
usual technic, gave a positive test. 

The skin reactivity of the pigmented fractions has not as yet 
been investigated nor have undialyzed solutions been examined 
electrophoretically. 
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Absorption Rates and Biologic Effects of Pellets of a-Estradiol 
and q-Estradiol Benzoate in Women. 


Rospert I. WALTER, SAMUEL H. GEIsT AND UDALL J. SALMON. 
From the Gynecological Service of Dr. S. H. Geist, Mt. Sinai Hospital, New York. 


In a preliminary communication, we have reported the subcu- 
taneous implantation of crystals of a-estradiol benzoate in a group 
of 10 menopausal patients who had well-defined morphologic signs 
and symptoms of estrogen deficiency. It was shown that, by this 
method of administering estrogens, it was possible to achieve a 
strikingly more prolonged effect than is obtained with comparable 
amounts of the hormone, administered parenterally, in solution in 
oil. It was subsequently demonstrated that a correspondingly pro- 
longed inhibition of the hyperactive hypophysis occurred following 
the estrogen implantation.” 

Since Deanesley and Parkes* * have shown that prolonged estro- 
genic effects resulted from the subcutaneous implantation of 
pellets of estrogens in rats, we thought it desirable to study 
in women the duration of the physiologic and therapeutic 
effects of pellets as compared with crystals of the same estrogenic 
substance. Accordingly, 46 patients were implanted with pellets 
and 55 with crystals of either a-estradiol or o-estradiol benzoate. 
During a period of observation of approximately one year, it was 
noted that more prolonged physiologic and therapeutic effects re- 


1 Salmon, U. J., Walter, R. I., and Geist, S. H., Science, 1939, 90, 162. 

2 Salmon, U. J., Geist, S. H., and Walter, R. I., Proc. Soc. Exp. Bron. AND 
Mep., 1940, 43, 424. 

8 Deanesley, R., and Parkes, A. S., Proc. Roy. Soc. B., 1937, 124, 279. 

4 Deanesley, R., and Parkes, A. S., Lancet, 1938, 2, 606. 
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sulted from the implanted crystals than from pellets of similar weight 
and chemical constitution. We, therefore, felt it important to 
determine the rate of absorption of the hormone by removing and 
reweighing the implanted pellets at varying intervals after the im- 
plantation. At the same time, the duration of biologic effects of the 
implanted hormone, as manifested by morphologic changes in the 
endometrium and vaginal mucosa, were studied by means of re- 
peated vaginal smears and vaginal and endometrial biopsies. Here 
we wish to report the results of our studies on the absorption rate 
and duration of biologic effects of the implanted estrogen pellets. 

Material and Procedure. From the 46 cases implanted with pel- 
lets, 14 patients (9 natural menopause, 4 surgical castrates and 1 
X-ray castrate) were selected for excision. The duration of the 
menopause, in this group, varied from 2 months to 7 years. All of 
the patients had either clinical or morphologic evidence of estrogen 
deficiency, or both, prior to the implantation. 

Round, flat pellets of a-estradiol and a-estradiol benzoate,* ster- 
ilized by autoclaving (265°F, at 15 lb pressure, for 30 minutes), 
varying in weight from 15 to 25 mg each, were implanted, subcu- 
taneously, in the outer aspect of the thigh. Nine patients were im- 
planted with a single pellet; 4 with 2 pellets; and one with 3 pellets. 
In 8 cases, the pellets were of a-estradiol and in 6, a-estradiol ben- 
zoate. The skin was prepared with alcohol and iodine and anes- 
thetized with 1% novocaine. The pellets were implanted, approx- 
imately 34 of an inch below the surface into the subcutaneous fat, 
through a skin incision approximately 1% inch in length. The im- 
plantation sites were excised at varying intervals after the im- 
plantation and the pellets were weighed after drying in a desiccator. 

Results. Absorption Rates of a-Estradiol Pellets. The a-estra- 
diol pellets were excised at periods of time varying from 130 to 245 
days following the implantation, Each pellet was found to be closely 
enveloped by a fibrous capsule. Microscopic study of the surround- 
ing tissues revealed a typical non-specific foreign body reaction. 
(The histologic details of the tissue reaction to the pellets are de- 
scribed elsewhere.”) The results of this study are presented in 
Tabled: 


The rate of absorption, expressed in terms of average percent 


* For the a-estradiol and a-estradiol benzoate pellets used in this investigation, 
we are indebted to Dr. Erwin Schwenk, Schering Corporation, Bloomfield, N. J., and 
to Mr. Robert C. Mautner, Ciba Pharmaceutical Products, Summit, N. J. 

5 Geist, S. H., Walter, R. I., and Salmon, U. J., Proc. Soc. Exp. Bron. AND 


Mep., 1940, 48, 712. 
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weight loss per 30 days, varied from 1.9 to 8, with an average for 
the series of 4.85%. This represents, in terms of rat units, average 
daily absorption rates varying from 191 to 1460 R.U., with an 
average for the series of 473 R.U. per day. Deanesley and Parkes, 
in their study of a-estradiol pellets in rats, reported 6% to 9% 
average absorption per month. 

Absorption Rates of a-Estradiol Benzoate Pellets. The a-estra- 
diol benzoate pellets were excised at intervals varying from 87 
to 207 days after the implantation. In this series, also, a fibrous 
capsule was found surrounding each pellet. The rate of absorption 
in terms of average percent weight loss per 30 days, varied from 0.41 
to 4.7. The average rate of absorption (per 30 days), of this series, 
was 1.72%. This represents, in terms of rat units, variations from 
41 to 238 R.U. per day, with an average for the series of 113 R.U. 
per day. 

Biologic Effects of a-Estradioil Pellets. All cases showed charac- 
teristic morphologic evidence of estrogenic effect, as indicated by 
proliferative response in the vaginal mucous membrane (smears and 
biopsies) and/or the endometrium, within 2 weeks after the im- 
plantation. Details of the effect of implanted estrogens upon the 
mucous membranes of the genital tract are being reported elsewhere. 

At the time of removal of the implanted a-estradiol pellets, there 
was evidence (in all but 3 cases) of morphologic regression to the 
pre-implantation status, indicating varying degrees of estrogen de- 
ficiency. Apparently, at the time of excision, so little of the hormone 
was being absorbed that no estrogenic effect was demonstrable in 
the uterine or vaginal mucosa. In all of these cases the pellets had 
been retained for 180 days or more. 

The 3 cases in this series that revealed morphologic evidence of 
continued estrogen activity, at the time of excision, had all been 
implanted for shorter periods of time (23, 130 and 160 days). 

Biologic Effects of a-Estradiol Benzoate Pellets. In the a-estra- 
diol benzoate series, morphologic studies, at the time of excision 
(87 to 207 days post-implantation ), revealed, in all cases, regression 
to the pre-implantation status, indicating the cessation of estrogen 
activity. 

Clinical Effects of a-estradiol Pellets. One patient (Case No. 6) 
experienced no relief of symptoms; 4 were relieved for periods vary- 
ing from 101 to 190 days; 2 (Case No. 2 and Case No. 4) were still 
symptom-free at the time of excision (160 and 130 days post-im- 
plantation ). 

Clinical Effects of a-Estradiol Benzoate Pellets. Two patients 
(Case No. 9 and Case No. 13) experienced no relief of symptoms 
following the implantation; 5 were relieved for periods varying 
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from 45 to 75 days; one (Case No. 12) was symptom-free at the 
time of excision, which was 88 days after the implantation. It is 
apparent from this study that pellets of a-estradiol have a more pro- 
longed therapeutic and biologic effect than pellets of a-estradiol 
benzoate. 

It is important to note that despite the presence of sizeable pellets 
(weighing 11 to 46.4 mg) in the subcutaneous tissue, the majority 
of the patients, at the time of excision, exhibited clinical as well as 
morphologic evidence of estrogen deficiency. The fact has already 
been mentioned that the pellets were found to be completely enveloped 
by a tight, fibrous capsule.? Apparently the capsule acts as a barrier, 
progressively retarding absorption of the hormone and reducing it 
finally to a level at which no demonstrable estrogen effect is exerted, 
either clinically or morphologically. 

The question may be raised as to whether the hormone may not be 
inactivated by its prolonged contact with the subcutaneous tissues. 
Such a qualitative change in the pellets has been considered and 
apparently ruled out by demonstrating that the excised pellets, when 
reimplanted in rats, produced characteristic estrogen effects. 

It is evident from this study that, in spite of the striking initial 
morphologic and therapeutic effects produced by the implanted estro- 
gen pellets, there is a serious objection to this method of administer- 
ing estrogens clinically, since the therapeutic effect is relatively 
short-lived and the patients, thereafter, retain sizeable pellets without 
deriving any therapeutic benefit from them. 

Summary and Conclusions. A comparative study of the absorp- 
tion rates and duration of biologic effectiveness of implanted pellets 
of a-estradiol and a-estradiol benzoate was made in a series of 14 
cases. This study revealed that the average percent absorption rate, 
per 30 days, of a-estradio! pellets was 4.85% (= 473 rat units per 
day ), as compared to 1.72% (= 113 rat units per day) for pellets of 
a-estradiol benzoate. The duration of biologic and therapeutic 
effects was definitely longer in the a-estradiol series. It is con- 
cluded, on the basis of these studies, that the fibrous capsule which 
forms about the pellets progressively decreases the rate of absorption 
of the hormone, so little being absorbed finally that no demonstrable 
morphologic or therapeutic effect is produced. Furthermore, because 
of the fact that absorption of the hormone in effective amounts 
ceases when only a relatively small amount of the pellet has been ab- 
sorbed, it is concluded that the implantation of pellets (weighing 15 
to 25 mg) of a-estradiol and a-estradiol benzoate is not a satisfac- 
tory method of administering estrogens clinically. 


We wish to gratefully acknowledge the technical assistance of Mr. A. A. Salmon. 
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Inhibitory Action of Testosterone Propionate on the Human 
Ovary. 


S. H. Geist, J. A. GAINEs AND U. J. SALMON. 
From The Mount Sinai Hospital, New York City. 


In previous communications,” * * it has been shown that, by the 
administration of adequate amounts of testosterone propionate to 
cyclical women, menstruation can be suppressed and the secretory 
phase of the endometrium abolished, resulting in hypoplasia or 
atrophy of the endometrium. These effects of testosterone pro- 
pionate were interpreted as indicating inhibition of ovulation (prob- 
ably mediated through the hypophysis) with consequent suppression 
of estrogen and progesterone formation. 

In animals, some workers have reported that synthetic androgens 
have a stimulating action upon the ovaries of rats** and mice.° 
Others have reported inhibition of ovulation in rabbits*® and 
monkeys" and ovarian atrophy in rats.’ ° 

In the study reported here, an attempt was made to determine 
what effect testosterone propionate has upon the ovaries of cyclical 
women and to correlate the ovarian response with the endometrial 
and vaginal changes. 

Two regularly cyclical women, requiring exploratory laparotomy, 
were selected for this study. Endometrial biopsies were taken 


1Gaines, J. A., Salmon, U. J., and Geist, 8S. H., Proc. Soc. Exp. BIoL. AND 
Mep., 1938, 38, 779. 
2 Geist, S. H., Salmon, U. J., and Gaines, J. A., Hndocrinology, 1938, 23, 784. 
3 Salmon, U. J., Geist, S. H., and Walter, R. ., Am. J. Obs. and Gyn., 1939, 
38, 264. 
4 Korenchevsky, V., Dennison, M., and Hall, K., Biochem. J., 1937, 31, 780. 
5 Wolfe, J. M., and Hamilton, J. B., Proc. Soc. Exp. Biot. anD MeEp., 1937, 
37, 189. 
6 McKeown, T., and Zuckerman, S., Proc. Roy. Soc., London, s.B., 1937, 124, 362. 
7 Salmon, U. J., Proc. Soc. Exp. BioL. AND MED., 1938, 38, 352. 
8 Nathanson, I. T., Franseen, C. C., and Sweeney, A. R., Jr., Proc. Soc. Exp. 
Biot. AND MEp., 1938, 39, 384. 
9 Starkey, W. F., and Leathem, J. H., Proc. Soc. Exp. Biot. AND Mep., 1938, 
39, 218. 
10 Cotte, G., Martin, J. F., and Mankiewicz, E., Gynecologie, 1937, 36, 561. 
11 Zuckerman, S., Lancet, 1937, 2, 676. 
12 McEuen, C. S., Selye, H., and Collip, J. B., Proc. Soc. Exp. Bron. anp MEp., 
1937, 36, 390. 
13 Mazer, M., and Mazer, C., Endocrinology, 1939, 24, 175. 


320 TESTOSTERONE PROPIONATE ON HUMAN OVARY 


before and during the period of testosterone propionate administra- 
tion, at intervals of 1 to 2 weeks. Vaginal smears were taken 3 
times weekly. Testosterone propionate was administered for 31 
and 15 days, respectively, the total amounts being 925 and 1,225 
mg. The histologic findings of the ovaries were correlated with the 
endometrium and vaginal smears. A resumé of the protocols 
follows: 

Case I. Age 29. Gravida 1. Para O. Menses lasting 5 days oc- 
curred at regular intervals of 4 weeks. A preliminary endometrial 
biopsy, taken during the menstrual period, revealed the presence of 
secretory changes. It was assumed, therefore, that an ovulatory 
cycle had just been completed. Preliminary vaginal smears were of 
the normal physiologic type. Testosterone propionate* injections 
were started 3 days pre-menstrually and continued, at 1 to 3 day 
intervals, until 925 mg had been administered over a period of 31 
days. Menstruation failed to take place by the 34th day of the 
cycle, at which time operation was performed. At this time, the 
endometrium was reduced to a state of hypoplasia, while the vaginal 
smears revealed typical estrogen deficiency characteristics. The 
ovaries showed no gross evidence of a mature follicle or recent 
corpus luteum. Two longitudinal sections were made through the 
entire width of each ovary down to the hilus and the central wedges 
removed for histologic study. Microscopic examination revealed 
the presence of small, collapsed or cystic corpora lutea of previous 
cycles, but no maturing follicles or current corpus luteum. 

Case II. Age 47. Gravida 2. Para 2. Menses had occurred quite 
regularly at 26 to 28 day intervals, lasting for 5 to 6 days. The 
patient entered the hospital because of lower abdominal pain related 
to uterine fibromyomata. An endometrial biopsy, taken pre-men- 
strually, revealed a typical secretory phase. Preliminary vaginal 
smears revealed a normal estrogen effect. During the first 16 days 
of the next cycle, 1,225 mg of testosterone propionate was admin- 
istered. A supravaginal hysterectomy and bilateral salpingo-oopho- 
rectomy was performed on the 17th day. The endometrium showed 
moderate proliferation and a complete absence of secretory phe- 
nomena. ‘he vaginal smear, at this time showed early signs of 
regression. Microscopic sections of the ovaries failed to reveal any 
signs of a recent corpus luteum or maturing follicle. 

Summary and Conclusions. Two women with regular menstrual 


* For the testosterone propionate used in this investigation, we are indebted to 
Dr. Erwin Schwenk, Schering Corporation, Bloomfield, N. J. (Oreton), and to Mr. 
Robert C. Mautner, Ciba Pharmaceutical Products, Summit, N. J. (Perandren). 


SULFANILAMIDE UPON ANAEROBIC HEM. Streptococci 321 


cycles were injected with testosterone propionate (925 and 1,225 
mg), in order to determine whether ovulation could be inhibited. 
In one patient, the ovaries, examined on the 34th day of the cycle, 
showed no evidence of a recent corpus luteum or mature graafian 
follicle. In the second patient, examination of the ovaries, on the 
17th day of the cycle, did not reveal any evidence of ovulation. In 
the latter case, while ovulation might have occurred after the 17th 
day, it was deemed unlikely in an individual with a regular 26 to 28 
day cycle. 

It appears from this study that testosterone propionate, if admin- 
istered in adequate amounts to the cyclical human female, can 
inhibit full follicle maturation, ovulation and corpus luteum forma- 
tion, associated with regressive changes in the endometrium and 
vaginal mucosa. The question arises as to whether the testosterone 
propionate acts directly upon the follicular apparatus or indirectly 
through inhibition of the gonadotropic activity of the pituitary. In 
view of the fact that testosterone has been shown to suppress the 
gonadotropic activity of the hypophysis in post-menopausal 
women! ?° and rats,'*"* it is logical to conclude that the inhibitory 
effect of testosterone propionate upon the human ovary is mediated 
through the pituitary. 
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Effectiveness of Sulfanilamide upon Anaerobic Hemolytic 
Streptococci. 


E. H. SPAULDING AND AMEDEO BonpI, JR. 
(Introduced by J. A. Kolmer.) 


From the Department of Bacteriology and Immunology, Temple University School 
of Medicine, Philadelphia, Pa. 


Previous work in this laboratory’ has indicated that on primary 
isolation a significant proportion of hemolytic streptococci are in- 
capable of developing upon the surface of aérobic, infusion blood- 


14 Salmon, U. J., Proc. Soc. Exp. Bion. AND MeEp., 1937, 37, 488. 
15 Nathanson, I. T., and Towne, L. E., Endocrinology, 1939, 25, 754. 

16 Nelson, W. O., and Gallagher, T. F., Anat. Rec., 1935, 64, 129. 

17 Wolfe, J. M., and Hamilton, J. B., Endocrinology, 1937, 21, 603. 

18 Allanson, M., Proc. Roy. Soc., London, s.B., 1937, 125, 196. 

1 Spaulding, E. H., and Goode, W., J. Lab. and Clin. Med., 1939, 25, 305. 
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agar plates. Although most of these “‘anaérobic” isolations become 
quickly adapted to aérobic cultivation (temporarily anaérobic), a 
small percentage persist as obligate anaérobes. As a result of the 
clinical observation that several patients infected with obligately 
anaérobic hemolytic streptococci (Group A) responded poorly to 
sulfonamide-therapy, two such strains were selected for experi- 
mental study. The results are being reported because of the in- 
creasing interest in the relationship between anaérobiosis and sul- 
fanilamide activity.”” 

Both strains reacted with Group A antiserum, and fermented 
trehalose but not sorbitol. Strain S, originating from a case of 
bronchiectasis, was unable to grow on aérobic blood-agar for 18 
months. The other (1097) was isolated from a hand lesion. After 
14 months it began to develop aérobically. Strain S was character- 
ized by mucoid colonies on blood agar, whereas those of 1097 were 
of the smooth type. On benzidine blood agar‘ both cultures gave 
rise to black colonies within two hours after removal from anaérobic 
jar. 

Experimental infection in mice was produced with considerable 
difficulty since only after prolonged passage did death regularly 
follow the injection of several millicn cells. It should be noted that 
streptococcal strains of low virulence do not usually show marked 
response to sulfanilamide in mice,° presumably because of the large 
number of organisms in the inoculum. Infection was produced 
intraabdominally and the drug administered subcutaneously in 
10 mg doses per 25 g body weight. The results are summarized in 
Table! 

It will be noted that neither treatment-schedule was intensive. 
Nevertheless, it seems evident that infection induced by one strain 
(S) was definitely refractory to treatment, whereas infection with 
the other strain (1097) was moderately susceptible to sulfanilamide 
therapy. Comparative experiments concerning the effect of fresh 
preparation of sulfanilamide and samples of the drug oxidized by 
exposure to air for 30 days yielded similar results. 


2 Fox, C. L., German, B., and Janeway, C. A., Proc. Soc. Exp. Biot. AND MEp., 
1939, 40, 184. 

3 Warren, J., Street, J. A., and Stokinger, H. E., Proc. Soc. Exp. Bion. AND 
Mep., 1939, 40, 208. 

4 Shinn, L. E., Main, E. R., and Mellon, R. R., Proc. Soc. Exp. Bron. AND Mep., 
1939, 40, 640. 

5 Broh-Kahn, R. H., Science, 1939, 90, 543. 

6 Marshall, KE. K., Jr., Physiol. Rev., 1939, 19, 240. 

7 MacLeod, C. M., Proc. Soc. Exp. Bron. AnD MeEp., 1939, 41, 215. 
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The in vitro experiments of Fox, et al.,* and of Warren, et al.,” 
suggest that sulfanilamide would be ineffectual against obligately 
anaérobic strains. The in vivo results with strain 1097, however, 
indicate that anaérobiosis per se may not be an important factor in 
determining susceptibility of hemolytic streptococci to sulfanila- 
mide-therapy. 

In vitro bacteriostasis. Since there appeared to exist unequal 
responses to sulfanilamide between the 2 strains in mice, it was 
considered possible that in vitro tests might bring to light some 
essential difference between the two organisms. Bacteriostatic tests 
were performed by adding to 17 ce of peptone-free, 25% serum, 
infusion broth 2 cc of sulfanilamide to make a final concentration 
of 1:10,000. The medium was freshly prepared and incubated 
overnight, anaérobically. One ce of a diluted 15-hour broth culture 
was added with the introduction of as little oxygen as possible. 
Platings were made after 2, 4,5, 6, 7, 9, 12 and 24 hours’ incuba- 
tion anaérobically at 37° C. At the same time the gross turbidity 
was estimated by barium sulfate standards and the average number 
of cocci per chain determined microscopically. The graphic results 
appear in Figure I. 

Unlike the results of the mouse experiments both strains were 
inhibited by sulfanilamide in vitro. Since it is well known that in 
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broth containing this drug streptococci produce long chains, the 
average number of cocci per chain was determined at the time each 
plating was made. The error due to interpreting the failure of the 
organisms to divide as true bacteriostasis would have been slight, 
however, in this instance. There were only 3 times as many 
elements in the drug-broth as in the control tubes, while bacteriostasis 
as determined by platings was in the order of a two-hundred fold 
difference at 9 hours. 

Phagocytic Experiments. The discrepancy between the drug- 
resistance of strain S im vivo and its susceptibility in vitro was 
attributed to the enormous difference in the number of bacteria used 
in the two types of experiments. In mice the number was very 
large; in the test tube it was small. Lockwood’ has demonstrated 
the antibacteriostatic effect of large inocula im vitro. Nevertheless, 
it occurred to us that this strain might show marked resistance to 
phagocytosis in the presence of sulfanilamide. Therefore, a series 
of 3 in vitro phagocytic experiments was carried out. Using one 
set of cultures throughout, the test conditions were varied so as to 
include the use of organisms previously exposed to 1:10,000 sulfa- 
nilamide and others not subjected to the drug. The tests were in- 
cubated in the water bath at 37° C. with constant rotation. Smears 
were made after 30 minutes and one hour. Phagocytic activity was 
estimated by counting 200 leucocytes stained by Wright’s method 
and by determining microscopically the average number of cocci per 
phagocyte. 

A detailed description of the technique is not warranted since it 
was found that neither strain was markedly influenced by the pres- 
ence of the drug. Strain 1097 was, perhaps, more readily phagocy- 
tized, with or without the drug, than was the S strain. 

Further attempts to differentiate strains S and 1097. Because the 
results in mice had indicated that the strains behaved differently 
toward sulfanilamide, a series of fermentative tests and dehydro- 
genase determinations was conducted. The fermentative capacities 
were similar, however, and dehydrogenase studies, patterned after 
MacLeod‘ were essentially negative. 

Adaptation to aérobic cultivation. After 14 and 18 months re- 
spectively strains S and 1097 both developed spontaneously the 
ability to grow on aérobic blood agar. Since this adaptation must 
have been accomplished through the acquisition of new respiratory 
systems, it was thought desirable to determine whether a change in 


10 Lockwood, J. S., J. Immunol., 1938, 35, 155. 
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drug susceptibility had likewise occurred. Therefore, the mouse 
tests were repeated using aérobic broth cultures as inoculum. Mouse- 
virulence was again attained with considerable difficulty and each 
strain tested in 30 mice receiving 20 mg of sulfanilamide per day 
and approximately the same number of lethal doses of culture as in 
Table I. No animal survived beyond the sixth day. Infection with 
strain S, which previously had been resistant to therapy, was now 
slightly less refractory. On the other hand infection with the 1097 
strain, moderately susceptible when produced by the anaérobic variant, 
became definitely more resistant, so that the results with both strains 
were strikingly similar. It would appear, then, that the inability 
of streptococci to grow on aérobic blood agar may not necessarily 
be correlated with drug resistance in mice. In fact, strain 1097 was 
more susceptible to sulfanilamide when it was an obligate anaerobe. 

Discussion. Bliss, Long and Feinstone® record anaérobic non- 
hemolytic streptococci as refractory to sulfanilamide both im vitro 
and in vivo. This opinion is in agreement with the clinical experi- 
ence of Colebrook and Purdie.® The results with strain 1097 may 
be of interest, then, by suggesting the possibility that at least some 
strains of anaerobic hemolytic streptococci are amenable to sulfan- 
ilamide therapy. 

The im vitro experiments of Shinn, et al.,* with Type I pneumo- 
coccus show that the gradual reduction of the oxygen concentration 
to 0.04% is accompanied by a corresponding decrease in bacterio- 
stasis by sulfanilamide. With further reduction of oxygen, how- 
ever, growth inhibition reappeared. It is possible that a similar 
mechanism is operating in our tests with the 1097 strain. By the 
same token strain S may possess a different respiratory mechanism 
making it resistant to the drug. 

Summary. 1. Two weakly virulent strains of “anaérobic,’’ Group 
A, hemolytic streptococci were subjected to im vivo and in vitro tests 
with sulfanilamide. 2. One strain was resistant, the other mod- 
erately susceptible, to the drug in mice. 3. No essential difference 
between the strains could be demonstrated, however, by in vitro 
bacteriostatic, phagocytic and biochemical tests. 4. Following adap- 
tation to aérobic incubation (14 and 18 months) both strains were 
refractory in mice. 5. The results indicate that anaérobiosis, per se, 
was not the fundamental factor in determining drug response of 
these “anaerobic” hemolytic streptococci. 


8 Bliss, E. A., Long, P. H., and Feinstone, W. H., So. Med. J., 1938, 31, 303. 
9 Colebrook, L., and Purdie, A. W., Lancet, 1937, 2, 1237. 
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Serum Phosphatase, Calcium and Phosphorus Values in 
Infancy.* 


DonaLp J. BARNES AND BERTHA Munks. (Introduced by Arthur 
Ei gSstnithie) 
From Harper Hospital, Detroit, Mich. 


Investigators who have been studying diagnostic procedures and 
standards for judging the healing or development of early rickets 
in infants have commented on the difficulty of making accurate judg- 
ments when these must be based upon the physical findings, roent- 
genological examinations, the serum calcium and serum phosphorus 
determinations. We have previously cited’ our belief that, through 
the determination of the serum phosphatase, we have a more accurate 
means of recognizing the early development of the disease. In this 
we simply agree with other investigators” * and offer additional 
supporting evidence. However, with our interest in this abnormal 
state in the infant, we were struck by the lack of any considerable 
data defining the normal serum phosphatase for the infant in the 
first year of life. The data of Jeans and Stearns* show that the 
plasma phosphatase, which is low at birth, rises abruptly to a maxt- 
mum during the first month, maintains this peak only a short time, 
and then falls rather rapidly during the second or third month, 
gradually declining through the remainder of the year, although the 
phosphatase level remains higher than that found in older age 
groups. 

Our data, based on 630 observations made upon infants during 
the first year of life, do not entirely coincide with those of Jeans and 
Stearns but we feel that they represent a good sampling of population 
of this age for this section of the country. Part of the patients, dif- 
ferentiated as “Harper Babies’, upon whom 390 observations were 
made, were born at Harper Hospital and were followed in our out- 
patient clinic. They received adequate amounts of milk, vitamin D 


* This study was made possible by a grant from the Upjohn Company. The 
assistance of the Department of Obstetrics is also acknowledged. 

1 Barnes, D. J., and Carpenter, M. D., J. Pediatrics, 1937, 10, 596. 

2 Bodansky, A., and Jaffe, H. L., Arch. Int. Med., 1934, 54, 88; Am. J. Dis. 
Child., 1934, 48, 1268. 

3 Morris, N., Stevenson, M. M., Peden, O. D., and Small, J., Arch. Dis. Child- 


hood, 1937, 12, 45. 
4 Stearns, G., and Warweg, E., J. Biol. Chem., 1933, 102, 749. 
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as cod liver oil, and accessory foods as their ages warranted. Where 
there was any evidence of developing anemia, iron was added to the 
dietary. Any infants who showed signs or symptoms of rickets, 
either physical or as judged roentgenologically, were dropped from 
the group. The average serum phosphatase from these patients did 
not show the peak rise during the first month noted by Jeans and 
Stearns. 

A second group of patients, known as “Welfare Babies”, on which 
240 of the observations were made, were selected from those sent to 
our clinic from Child Welfare stations because they were thought 
to be rachitic and in need of treatment. From the large number 
sent, those were selected who were roentgenologically negative and 


TABLE I. 
““ Harper babies’’ ““Welfare babies’ ’* 

r ’ a 

Mean, mg Standard Mean,mg Standard 

No. per 100 deviation, No. per 100 deviation, 
Age groups cases cc serum mg cases ce serum mg 

(a) Statistical evaluation of calcium data. 
0 -3 days 20 11.3 83 a= = — 
ils 42 17 10.8 1.09 — —- = 
%- 1% mo 31 eal 70 8 TALS 80) 
1y%y- 2% ” 28 11.6 aii 30 11.9 67 
2%- 3% ” 28 Tals) .62 27 11.9 .69 
38%- 4% ”? 33 12e 1.09 23 12.1 92 
4Y%y- 5% 34 11.8 .66 23 121 fe 
514%4- 6% ”? 27 iI) 63 2a 12.0 63 
6%- 7% ” 26 11.8 92 28 11.5 74 
TYpy- 8% 7’ 31 11.9 79 21 11.9 59 
8%- 9% ”? 25 11.9 67 bs 11.9 1.13 
9%-10% ”’ 19) 2 64 18 12.0 .62 
10%-1144 ”’ 13 11.8 08 12 12.1 50 
1114%j712% 42” 22 18) 65 10 12.3 61 
Total 354 236 
(b) Statistical evaluation of phosphorus data. 
0 -3 #£4z24days 45 6.4 8) — = -- 
3. -15 42 23 6.8 75 = == = 
%- 1% mo 33 6.4 56 8 6.6 58 
1%y- 2% ” 30 6.7 .78 30 6.3 58 
214%4- 34% ” 28 6.5 stil 27 6.3 52 
3%- 4% ” 33 6.3 93 2 6.1 fail 
4%- 5% ” 34 6.3 71 23 6.4 mil 
5%- 64% ”? 27 6.4 61 22 6.2 OL 
Gln yo aie 26 6.2 51 28 6.3 42 
714- 8% =”? 31 5.9 62 21 6.1 45 
8%- 9% ” 26 5.9 59 15 6.2 49 
9%-10% ” 19 6.1 54 21 6.1 43 
1014-1154 es 5.9 87 12 6.4 54 
114%-12% ”’ 22 5.8 .39 10 6.4 59 
Total 390 240 


*Patients had a serum calcium of at least 10.4 mg per 100 ec, and a serum 
phosphorus of 5.5 mg or higher. 
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who were found to have a serum calcium of at least 10.4 mg per 
100 cc and a serum phosphorus of 5.5 mg or above, values which are 
considered well above the minimal normal levels. From this group, 
consisting of colored and white babies, we obviously could not get 
data at birth and relatively few were seen during the first month. 
Some of them had had vitamin D, generally in small amounts. 

The serum calcium, phosphorus and phosphatase were determined 
on blood drawn from the femoral vein. Clark and Collip’s modifi- 
cation of the Kramer, Tisda!l method’ was used for calcium deter- 
minations, and Bodansky’s method® for phosphorus and phospha- 
tase determinations. 

Table | shows that the calcium values from birth to 3 days for 
“Harper Babies” fell from an average of 11.3 mg per 100 cc serum 
to 10.8 mg during the second week, then rose to an average of 12.1 
mg at the first month and were maintained rather consistently 
through the year. Phosphorus values averaged 6.4 mg per 100 cc 
serum for birth to 3 days of life and rose to an average maximum 


SERUIT PHOSPHATASE VALUES DURING INFANCY 
(umits per 100 cc.) 


--- Fatients born in hosprlal, receiving 
adeguate Vitamin D and growing 
normally. (Harper Babies) 


— Welfare Babies, with serum calcium 
above 10.417723.; phosphorus above 
5.5779, and having normal roernt- 
GENOGLrAI23. 


PES gE IO Gi fe} 
AGE IN MONTHS 


5 Clark, E. P., and Collip, J. B., J. Biol. Chem., 1925, 63, 461. 
6 Bodansky, A., J. Biol. Chem., 1932, 99, 197; ibid., 1933, 101, 93. 
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of 6.8 mg during the second week, receded slightly with the upswing 
of serum calcium at one month and then established a fairly con- 
stant though slightly falling value during the remainder of the year, 
to an average of 5.8 mg at 12 months. The ‘Welfare Babies” gave 
values which corresponded remarkably closely to those of the ““Har- 
per Babies.” 

The average serum phosphatase of the ‘“‘Harper Babies”, from 
birth to 3 days of age (Chart), has a value of 7.1 units per 100 cc. 
It shows no peak during the first month but rather a sharp rise to 
11.9 units during the first 2 months, a very slow continuance of this 
rise through the fourth and fifth months to an average value of 13.0 
units and then a gradual, slight decline through the rest of the year 
to a level of 11.5 units. There is a rather pronounced decline at 
the eighth month to a value of 9.9 units. The data, representing 
averages, together with standard deviations for the phosphatase 
values are shown in Table II. 

It is noteworthy that the group labeled “Harper Babies” does 
not have the high average phosphatase levels at the first and second 
months reached by the “Welfare” patients. This probably is ex- 
plained by the fact that the “Welfare Babies” were sent in as being 
possible cases of active rickets and their serum phosphatase values 
actually were elevated during the first and second months. In other 
words, some did have this deviation from the normal. It has been 


TABLE II. 
Statistical Evaluation of Phosphatase Data. 
““ Harper babies’’ ““Welfare babies’ ’* 

Go ay Cc ak 

Mean, units Standard Mean, units Standard 

No. per 100 deviation, No. per 100 deviation, 

Age groups cases ceserum units cases cece serum units 
0 -3 £days 45 dal 2.66 — — — 
3 -15 fey 23 8.9 2.39 — — — 
%- 1% mo 33 10.4 3.05 8 12.3 3.84 
1%- 2% ” 30 11.9 3.01 30 13.5 3.25 
216 - Sia 72 28 12.1 2.52 27 12.3 2.87 
3%- 4% ” 33 11.6 2.76 23 12.2 3.15 
4%- 5% ”? 34 13.0 2.92 23 12.8 2.81 
5iQ- 64g ~~”? 27 11.4 2.88 22 11.5 2.56 
64%4- 7% ” 26 12.3 2.44 28 Talay 2.51 
Tp- 82 ~~? 31 9.9 2.64 21 9.8 3.29 
8%- 9%”? 26 11.6 2.58 15 12.2 3.18 
94%4-10% +”? 19 10.8 Solel 21 11.0 3.58 
10%-11%, «”’ 18: 11.8 2.56 12 12.0 3.84 
TU Mey 2) 22 11.5 2.87 10 ily 3.21 
Total 390 240 


*Patients had a serum calcium of at least 10.4 mg per 100 ¢, and a serum phos- 
phorus of 5.5 mg or higher. 
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pointed out that this change in serum phosphatase is probably our 
earliest reliable sign of rachitic activity. Later on in the infant’s 
life there was not the same relationship between slight physical 
signs and this evidence of activity. Beginning with the third month 
and continuing through the year, the phosphatase values for the 
“Welfare’’ group correspond fairly closely to those of the “Harper” 
group. We feel that the ‘“Harper’’ group represents a sufficiently 
large, well controlled series so that we have not combined it with 
the “Welfare” group, rather showing each separately. As would be 
expected, our standard deviations are smaller in the ‘Harper” 
group than in the “Welfare” group. 

The findings include both summer and winter values. Among the 
“Harper Babies,” 170 cases tested between June 1 and November 1, 
constituting summer values, averaged 10.8 units for the year; 
while 220 cases observed from November 1 to June 1 in the winter 
grouping, averaged 11.0 units. During the first 6 months of life, the 
winter values of the ‘““Harper Babies” averaged 1.3 units higher than 
the summer values, while from 6 months to one year of age, the sum- 
mer values averaged 1.6 units greater than the winter values. There 
was not a sufficiently regular distribution of summer and winter cases 
in the “Welfare” group to warrant such comparisons. 

These data represent, first, a series of serum phosphatase, calcium 
and phosphorus observations upon normal infants (Harper Babies) 
which should help to establish normal serum phosphatase values 
through the first year of life; second, a comparison with a group 
(Welfare Babies) which shows a slightly abnormal elevation of 
serum phosphatase at the first and second months but which, as 
judged by other serological and roentgenological standards, was nor- 
mal. This supports the view that the serum phosphatase elevation 
is the earliest diagnostic sign of rickets, since this latter group was 
sent to us representing possible early cases of the disease. Further- 
more, the “Welfare” group refutes, since it had such small amounts 
of vitamin D, the possible argument that the ingested vitamin D 
which was had in moderate amounts by the “Harper Babies’ de- 
pressed the level of serum phosphatase below the physiological nor- 
mal. In addition, further correlated data are presented concerning 
the serum calcium and phosphorus values during infancy. 
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Micromelia in Adult Fowl Caused by Manganese Deficiency 
During Embryonic Development. 


C. DV CASKEY = “AND eG NORRIS: 


From the Department of Poultry Husbandry, Cornell University, Ithaca, N. Y. 


Byerly, Titus, Ellis and Landauer' and Landauer’ reported the 
occurrence of micromelia of nutritional origin in chicken embryos 
and in newly hatched chicks. Later Lyons and Insko* observed 
micromelia in the embryos and newly hatched chicks of hens fed a 
diet deficient in manganese which was strikingly similar to that 
described by Byerly and associates and by Landauer. Lyons and 
Insko prevented the development of the abnormally shortened leg 
and wing bones by injecting manganese sulfate into the eggs just 
before placing them in the incubator. 

Caskey, Gallup and Norris* prevented the development of the 
embryonic reduction in bone length due to manganese deficiency 
by feeding the hens manganous carbonate. They also showed that 
one of the chief symptoms of perosis, which develops in normal 
chicks fed a manganese-deficient diet, is a reduction in the length of 
the leg and wing bones. Caskey and Norris’ found that perosis 
fails to develop when normal chicks fed a manganese-deficient diet 
are injected intraperitoneally with manganous chloride. Lyons 
and Insko* and Gallup, and Norris® reported that the eggs of hens 
fed a manganese-deficient diet contain markedly less manganese 
than those of hens fed an adequate diet. 

In further studies conducted at this laboratory it was found that 
frequently the chicks which hatched from the eggs of hens fed a 
low-manganese diet (0.00063% manganese) were ataxic. A group 
of 15 of these chicks, most of which were also micromelic, was 
placed in appropriate quarters for observation. During the first 8 
weeks they were fed an adequate diet composed of 44.73% ground 
yellow corn, 20% degerminated yellow corn meal, 15% dried skim 

* Cooperative G.L.F. Exchange Fellow. 

1 Byerly, T. C., Titus, H. W., Ellis, N. R., and Landauer, W., Proc. Soc. Exe. 
BioL. AND MeEp., 1935, 32, 1542. 

2 Landauer, W., Anat. Rec., 1936, 64, 267. 

8 Lyons, Malcolm, and Insko, W. M., Jr., Ky. Agr. Exp. Sta. Bul. atl, LOB Olle 

4 Caskey, C. D., Gallup, W. D., and Norris, L. C., J. Nutr., 1939, 17, 407. 


5 Caskey, C. D., and Norris, L. C., Proc. Soc. Exp. Bion. aND Mmn., 1939, 40, 
590. 


6 Gallup, W. D., and Norris, L. C., Poul. Sci., 1939, 18, 83. 
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milk, 10% meat scrap, 5% dehydrated alfalfa meal, 2.5% casein, 
1.5% steamed bone meal, 0.5% calcium carbonate, 0.5% iodized 
salt, 0.25% cod liver oil (400 D per g) and 0.02% manganous 
carbonate. This diet contained 1.8% calcium, 0.95% phosphorus 
and 0.01% manganese. After 8 weeks the chicks were fed a some- 
what similar diet containing 0.005% manganese. 

Eleven of these chicks, 8 females and 3 males, attained maturity 
and were continued on experiment until approximately 16 months of 
age. Six of the surviving females and 2 of the males were markedly 
micromelic at the time of hatching. It was observed that the micro- 
melic chicks at no time showed any apparent recovery from this 
condition. 

Measurements of the shanks, the ulna sections of the wings and of 
the keels of the micromelic females were made at 11 months of age 
and compared with similar measurements of normal females of the 
same breeding and of approximately the same age and weight. No 
difference between the average lengths of the keels of these groups 
of hens was found but significant differences were revealed between 
the average lengths of the shanks and the average lengths of the 
ulna sections of the wings. A preliminary report of these results 
together with those on the ataxic condition has been made by Caskey 
and Norris.’ 

At the conclusion of the experiment the 6 micromelic females 
and 6 normal females of like breeding and of approximately the 
same age and weight were killed and their bones dissected and 
measured. The results of these measurements are given in Table I. 
A picture of one of the micromelic females is given in Fig. 1. 

TABLE I. 


Effect of an Embryonic Manganese Deficiency upon the Subsequent Bone Develop- 
ment of Chickens. 


Length 
= 
Normal* Micromelict Reduction 
Bone hens, hens, inlength, Significance of 
measured em cm % differencet 

Sternum 13.70 13.60 0.7 — 
Femur 9.14 8.15 10.8 aeyail 
Tibia 12.90 10.96 15.0 HiAl@eil 

- Tarso-metatarsus 8.42 6.87 18.4 4999:1 
Humerus 7.84 30 6.9 124:1 
Radius 7.08 6.30 11.0 587:1 
Ulna 7.92 7.17 9.5 768:1 
Metacarpus 4.24 3.90 8.0 Beil 


IN(Gl aL, 2 Reine avg age 17 mo and avg wt 2034 g. 
tN.H. x R.L.R., avg age 16 mo and avg wt 2032 g. 
tOdds as determined by ‘‘Student’s’’ method (Z test). 


7 Caskey, C. D., and Norris, L. C., J. Nutr., 1939, 17, (Supplement) 16. 
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Tey ale 
A typical micromelic hen. 

The average length of the sterna of the micromelic females 
was only 0.7% less than that of the normal females. The difference 
in length was obviously of no significance. The difference between 
the average length of the metacarpi of the micromelic females and 
that of the normal females amounted to 8%, but it did not prove to 
be statistically significant when analyzed by “Student’s” method (Z 
test). All the other differences in bone length proved to be highly 
significant statistically. The tibiae and the tarso-metatarsi showed 
the most marked retardation in development, the tibiae being 15% 
shorter than the normal bones and the tarso-metatarsi 18.4% 
shorter. The shortening was somewhat greater than that pre- 
viously reported by Caskey, Gallup and Norris* in newly hatched 
chicks, but not as great as that reported by Landauer’ or that re- 
ported by Lyons and Insko* for 21-day embryos and newly hatched 
chicks, 

It is evident from these results that newly hatched chicks which 
become micromelic during embryonic development as a result of 
manganese deficiency do not recover from the micromelia when fed 
a diet containing an adequate amount of manganese during a period 
greatly in excess of that required for the attainment of maturity. 
No evidence was obtained, on the other hand, of a reduction in the 
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length of the sternum as a consequence of embryonic manganese 
deficiency. The difference in the effect of the embryonic manganese 
deficiency upon the bones of the legs and wings and upon the ster- 
num may be related to the fact that the former undergo considerable 
calcification during the latter stages of embryonic development 
whereas the sternum is almost entirely uncalcified at the time of 
hatching. 

Byerly and associates’ reported that the anterior-posterior axis 
of the skulls of the micromelic chicken embryos which they exam- 
ined was markedly shortened. Both this group of investigators 
and Landauer’ observed that some of the affected embryos hatched 
but Landauer’ stated that the head was always normal. It has been 
observed at this laboratory, however, that some of the newly 
hatched chicks rendered micromelic by manganese deficiency during 
embryonic development also possessed brachycephalic heads. Several 
of the micromelic females which were sacrificed at 16 months of age 
in order to study the reduction in bone length were still brachy- 
cephalic. This indicates that similar to the micromelia due to 
manganese deficiency the consumption of a diet adequate in man- 
ganese after hatching does not promote recovery from the brachy- 
cephalism. 

Summary. Chicks which are rendered micromelic during embry- 
onic development as a result of manganese deficiency do not re- 
cover from this condition when fed a diet adequate in manganese 
during a period of time greatly in excess of that required for the 
attainment of maturity. 


11447 


Role of Vitamin C in Addison’s Disease.* 


JosEPH F. JENOvVESE, ARNOLD E. OSTERBERG AND Epwarp H. 
Rynearson. (Introduced by J. L. Bollman.) 


From the Division of Medicine, Mayo Foundation, Rochester, Minn. 


The excretion of ascorbic acid in the urine of patients having 
Addison’s disease has been studied by Siwe,* von Drigalski,” Geriola,* 
Wilkinson and Ashford.* Using the method of Harris and Ray,’ 
all the aforementioned investigators found a state of vitamin C 


* Abridgement of thesis submitted by Dr. Jenovese to the Faculty of the 
Graduate School of the University of Minnesota in partial fulfillment of the 
requirements for the degree of Master of Science in Medicine. 
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deficiency in the cases studied. Wilkinson and Ashford concluded 
that not only was there a definite deficiency in vitamin C associated 
with cases of Addison's disease, but that a parallelism existed between 
the degree of deficiency and the severity of the disease. Sendroy 
and Miller® made studies on the combined clearances of urea and 
ascorbic acid of 8 patients having nephritis and concluded that a 
relationship existed between the renal efficiency as indicated by the 
clearance of urea and the amount of ascorbic acid excreted. They 
suggested that in the presence of Addison’s disease in which a 
functional renal insufficiency exists, the deficiency in the excretion of 
vitamin C is caused by the renal insufficiency rather than by a state 
of vitamin C subnutrition. In addition they found a parallelism 
between the values of urea clearance and the amount of vitamin C 
excreted in the urine. 

The present study was undertaken to investigate further the role of 
vitamin C in Addison’s disease by correlating the ascorbic acid con- 
tent of the blood with the urinary excretion of vitamin C in 6 
patients having Addison’s disease. The studies on urinary excretion 
were made according to the method of Harris and Ray, utilizing a 
test dose of 500 mg of ascorbic acid. The ascorbic acid content in 
the blood plasma was determined simultaneously with studies of the 
urine. The blood urea was determined in every instance and, in 
4 of the cases, studies of the clearance of urea were made. The in- 
vestigations were carried out when the patients were first seen and 
the results reported herein represent the state of vitamin C nutrition 
that the patients had when they presented themselves for diagnosis. 
Owing to the fact that the patients were able to stay only a short 
time, it was possible to carry out saturation studies in only one in- 
stance. 

Procedure. The subjects were 6 patients with Addison’s disease 
and 6 normal persons as controls. One additional subject with a 
history of having ingested a diet low in vitamin C for 5 months was 
also studied. Essentially, the plan of study in each case was to deter- 
mine first the content of ascorbic acid in the blood plasma in the 
fasting state. Then the 24-hour urinary excretion of ascorbic acid 
was determined. To determine the states of vitamin C saturation, the 
subjects received a test dose of 500 mg of ascorbic acid and the 


1Siwe, Sture, Klin. Wehnschr., 1935, 14, 1311. 

2 von Drigalski, Wolf, Klin. Wehnschr., 1935, 14, 338. 

3 Geriola, F., Minerva med., 1937, 2, 642. 

4 Wilkinson, J. F., and Ashford, C. A., Lancet, 1936, 2, 967. 

5 Harris, L. J., and Ray, S. N., Lancet, 1935, 1, 71. 

6 Sendroy, Julius, Jr., and Miller, B. F., J. Clin. Invest., 1939, 18, 135. 


VITAMIN C In ADDISON’s DISEASE 307 


. , her TABLE I. 
Vitamin C in Blood Plasma and Urine of 6 Normal (Control) Persons; Responses 
to Test Dose of Ascorbic Acid. 


Vitamin C 
in 3-hr urine, 


Vitamin © Vitamin C Vol., mg,after500  Vol., 
in mg 24-hr 24-hr mg test dose 3-hr 
Control Date per 100 Ml urine, mg urine, Ml ascorbic acid urine, Ml 
af 2-3-39 0.69 18.5 1600 3.6 215 
2 1-20 1.15 35.4 800 57.1 110 
3 1-21 1.48 58.2 1100 32.2 410 
4 1-20 1.31 30.4 1500 57.1 
5 1-21 0.57 23.8 1210 1373 350 
6 1-23 0.97 24.0 1850 5.8 550 


effect on the 3-hour urinary excretion of vitamin C was observed. 
The blood urea was determined in all cases. 

The persons used as normal controls were all young physicians. 
They gave a history of having been free from recent acute infec- 
tions or gastrointestinal disorders. The results in each case are 
contained in Table I. 

Methods of Analysis. The method used for the determination of 
ascorbic acid in the urine was the technic recommended by Harris 
and Ray; ascorbic acid in the blood was determined by the method 
of Taylor, Chase and Faulkner.‘ Both of these procedures were 
described in detail by Magnusson and Osterberg.® 

Analysis of Results in Controls. The content of ascorbic acid in 
the blood plasma of the normal persons used as controls ranged from 
0.57 to 1.48 mg per 100 MI of plasma. These values are in the 
normal range as reported by other workers. Similarly, the amounts 
of ascorbic acid excreted in the urine of the same (normal) persons 
in 24 hours were normal, varying from 18.5 mg to 58.2 mg (Table I). 

The administration of a test dose of 500 mg of ascorbic acid 
resulted in a 3-hour urinary excretion ranging from 3.6 to 57.1 mg. 
Two subjects (1 and 6) gave results far below the normal response 
to be expected from this test (Table 1). The other 4 subjects re- 
sponded normally. Harris and Ray found that the excretion of 
ascorbic acid in the urine following a test dose of 500 mg of 
ascorbic acid was usually 8 to 10 times the normal excretion in a 
3-hour period. 

Experimental Data. Of the 6 patients who had Addison’s disease, 
the patient in case 1 yielded entirely normal results (Table IT). In 


7 Taylor, SH. L., Chase, Dorrance, and Faulkner, J. M., Biochem. J., 1936, 


30, 1119. 
8 Magnusson, Arlene E., and Osterberg, A. E., Proc. Staff Meet., Mayo Clin., 


1938, 18, 700. 
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TABLE II. 
Data from 6 Cases of Addison’s Disease. 
Vitamin C 
in 3-hr urine, 
Vitamin Cin Vitamin C Vol., mg, after 500 Vol., 
plasma, mg 24-hr 24-hr mg test dose 3-hr 
Case per 100 M1 urine, mg urine,Ml ascorbic acid urine, M1 

if 1.57 20.1 2420 103.50 600 
2 0.95 10.4 2730 1.34 365 
3 1.22 5.01 1000 33.70 100 
4 0.71 Bel 625 2.02 148 
5 0.94 10.0 1100 4.40 417 
6 1.15 7.84 1290 4.4 100 


this case the history of Addison’s disease was of short duration. In 
addition, there was a history of a more than adequate daily intake 
of vitamin C in the form of a pint or more of tomato juice. 

In the other 5 cases studied (Table IL) the ascorbic acid in the 
blood plasma was also normal or high normal. However, in these 
cases the amounts of ascorbic acid excreted by the patients in the 
urine during 24 hours were definitely lower than normal. ‘The 
values ranged from 5.01 mg to 13.1 mg. According to our normal 
control subjects and the results reported by others, the normal range 
of the urinary excretion of ascorbic acid per 24 hours is between 
20 and 30 mg. Wilkinson and Ashford reported this same obser- 
vation on the urinary excretion of ascorbic acid in the cases of 
Addison’s disease that they studied. 

The patient in case 6 (Table II1) was observed over a longer 
period than were the other patients. The daily urinary excretion 
of ascorbic acid of this patient remained low until 500 mg of 
ascorbic acid was administered intravenously. The excretion value 
following this procedure increased to 26 mg per 24 hours. Three 
days after the initial intravenous dose of ascorbic acid had been 
administered, 500 mg of ascorbic acid was given orally and 500 mg 
was administered intravenously. The next 3-hour urine specimen 
contained 195.7 mg of ascorbic acid and during the following 21 
hours 448.7 mg was excreted, making a total excretion of 644.4 mg 
for the 24-hour period, or approximately 65% of the amount ad- 
ministered to the patient. It would seem that the tissues of this 
patient must have been saturated with vitamin C to permit such an 
excretion in 24 hours, yet 5 days after this observation the 24-hour 
specimen of urine of this patient contained only 16 mg of ascorbic 
acid. ‘The blood plasma the next day contained 2.01 mg of ascorbic 
acid, a value which is decidedly above the threshold value of 1.4 mg 
reported in the literature. 
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TABLE III. 
Data from Detailed Study of Case 6. 
Vitamin © 
in 3-hr urine, 
Vitamin Cin Vitamin C Vol., mg, after 500 Vol., 
plasma, mg in 24-hr 24-hr mg test dose 3-hr 
Date per 100 Ml _ urine, mg urine, Ml ascorbic acid urine, M1 
12-30-38 1.15 7.84 1290 
1- 6-39 11.5 1125 
1- 9 aided 1175 
1-10 1.05 
1-11 11.47 1425 
1-12 15.2 1100 
1-13 O17, 975 
1-13 5.2 100 
1-15 8.9 1050 
1-16 5.4 925 
1-16 (500 mg ascorbic acid intravenously) 181.0 150 
1-18 26.0 950 SHE 125 
1-19 (500 mg ascorbic acid intravenously ; 
500 mg ascorbic acid orally) 195.7 1125 
1-20 (21-hr specimen urine contained 448.7 mg in volume of 1700 M1) 
1-21 63.4 134 
1-26 16.0 800 22.4 50 
1-27 2.01 
1-30 23.0 1300 
1-31 8.9 1200 
2- 1 24.7 1375 


The observations made in this particular case (Table IIL) would 
suggest that perhaps the urinary excretion of vitamin C alone cannot 
be taken as an adequate criterion for the diagnosis of vitamin C 
subnutrition. The blood plasma value of the vitamin was normal in 
all cases studied and yet studies of urinary excretion revealed a low 
excretion of the vitamin. 

Summary and Conclusions. The blood plasma values for ascorbic 
acid in the 6 patients who had Addison’s disease that were studied 
were within normal range. The urinary excretion of ascorbic acid 
during a 24-hour period was low. On the basis of the results 
obtained, it would seem that the urinary excretion of ascorbic acid 
alone cannot be used as an index of vitamin C deficiency in instances 


of Addison’s disease. 
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Effects of Salts and Adrenal Cortical Extracts upon Toxicity 
of Drugs. 


Wititam G, CLARK AND RicHarp H. Barnes. (Introduced by 
Maurice B. Visscher.) 


From the Departments of Zoology and Physiology, University of Minnesota, 
Minneapolis. 


Verzar and his coworkers* in discussing the possible relationships 
between the adrenal cortex and fat, carbohydrate, and electrolyte 
metabolism, have postulated that the adrenal cortex controls a wide 
number of metabolic processes by regulating phosphorylation 
processes. 

One of the primary arguments of these workers is that the effects 
of iodoacetate poisoning seemed to reproduce some of the symp- 
toms of adrenal insufficiency, such as impaired selective intestinal 
absorption of glucose, muscular asthenia, steatorrhea, lowered body 
temperature, fluid loss by diarrhea, etc. These effects are ascribed to 
a specific inhibitory action of iodoacetate upon phosphorylation. 

Laszt* has found that NaCl therapy antagonizes the iodoacetate 
effects in the intact rat, with respect to fatal toxicity, and impaired 
intestinal glucose absorption. This observation was offered as a pos- 
sible explanation of some of the beneficial effects of NaCl therapy in 
adrenal insufficiency. 

It appeared possible that this so-called “experimental adrenal in- 
sufficiency” produced by iodoacetate, could be explained on another 
basis than by specific inhibition of phosphorylations. This possibility 
was brought to our attention by the well known efficacy of NaCl, base, 
and fluid therapy in many toxic conditions, such as in mercury poi- 
soning,” in which fluids are lost by emesis and diarrhea, and uremia 
ensues as a result of kidney damage. Such toxic agents could not be 
expected specifically to inhibit phosphorylations under the control of 
the adrenal cortex, although some of them may produce changes 
which have been termed symptoms of the “alarm reaction” by 
Selye and his coworkers.* For this reason, we have investigated the 


1Verzar, F., Die Funktion der Nebennierenrinde, Basel, Benno Schwabe & Co., 
1939; Absorption from the Intestine, Longmans, Green & Co., N. Y., 1936. 

2 Laszt, L., Nature, 1939, 144, 244. 

3 Haskell, C. C., Carder, J. R., and Coffindaffer, R. S., J. Am. Med. Assn., 1923, 
81, 448. 


4Selye, H., Archiv. Internat. Pharm. Therdp., 1937, 55, 431; Am. J. Physiol., 
1938, 123, 758. 
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effects of NaCl, KCl, fluids, and adrenal cortical hormone upon rats 
poisoned with several non-specific toxic agents, including iodo- 
acetate. 

Four groups of 10 rats each were divided into 2 subgroups aver- 
aging ca 150 g per rat, each group receiving subcutaneously 50 and 
80 mg per eee of sodium iodoacetate, nese Sanilby This dosage is 
distinctly a ina level than the 100-120 mg level employed by 
Laszt. The rats were fasted and placed on the following ad libitum 
drinking fluids: (1) tap water, (2) 0.6% NaCl, 0.2% Na Citrate, 
(3) 0.2% KCl, and (4) tap water. Each group was given by 
stomach-tube 1 ce per : eee of body surface of the following 
fluids : (tap waters 2) 1% NaCl, 0.1 N «NaHCO; (ratio of 

324) or 0.6% NaCl, boa, Na“ Citrate, (6). 7o Gl. and (4) tap 
water. The latter group was injected subcutaneously with Upjohn 
adrenal cortical extract, assaying 2.5 Cartland-Kuizenga rat units’ 
per cc, at a level of 1 cc per rat at the time of administering iodo- 
acetate, and again 4 hr later. The stomach-tubed fluids were given 
4 hours before iodoacetate, at the same time as iodoacetate, and 
every four hours thereafter. Rectal temperatures were taken on all 
animals every 4 hours, and were seen to drop to approximately 
95°F 4 hours after iodoacetate. Eight hours after the 50 mg level 
of iodoacetate, the NaCl group had nearly regained normal body 
temperature, with complete return in 12 hours; while all the other 
groups were still below 96°F at this time. All rats displayed mus- 
cular weakness progressing to collapse during the height of the 
effects of iodoacetate, and marked edema and inflammation at the 
site of injection, hemorrhagic diarrhea and hematuria. The NaCl 
group had a marked thirst for the NaCl-Na Citrate drinking fluid, 
and after 12 hours of fasting, the group which received the 80 mg 
level of iodoacetate had gained 37 g, showing a generalized edema. 

The groups which received the 80 mg level all died within 8 hours 
except the NaCl group which survived, with return from 95° 
temperature to 98° within 20 hours. Potassium chloride decreased 
survival time, while cortin had no beneficial effects as compared with 
the controls on tap water. Another experiment, using 12 rats, was 
performed, in which survival times of cortin-treated and control 
iodoacetate-poisoned rats were compared for survival. More cor- 
tical extract was used than in the previous experiment (Wilson 
extract, assaying 1 d’Armour unit per 0.1 cc, 0.2 cc per 100 g body 
weight. Rats weighed av. 325 g), and was given at the time of 
administration of iodoacetate, and again 6 hours later. No effects 


5 Cartland, G. F., and Kuizenga, M. H., J. Biol. Chem., 1936, 116, 57. 
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on survival were obtained, thus confirming the previous result that 
cortin seems to have no beneficial effect on iodoacetate-poisoning. 

Colchicine has been used by Leblond and Sagal® in a study of 
Selye’s alarm reaction in rats. There are, however, no reasons to 
believe that this drug is a specific inhibitor of phosphorylations. 

Preliminary experiments indicated that the minimal lethal dose 
of subcutaneously administered colchicine is less than 1 mg per kg, 
death being delayed. Food was offered ad libitum in the experiments 
with colchicine. Pathological symptoms were: collapse, weakness, 
lowered body temperature, hemorrhagic diarrhea and hematuria, 
loss of muscular tone, and poor muscular control. 

Two levels of colchicine were given, 1 and 2 mg per kg, and es- 
sentially the same types of salt and fluid medication as described 
for the iodoacetate experiments. On the 2 mg level, in contrast to 
the iodoacetate results, KCl and cortin, as well as NaCl, exerted a 
beneficial effect as compared with the controls, with respect to body 
temperature, general activity, and survival. NaCl and cortin, es- 
pecially the latter, exerted more marked effects. Fig. 1 illustrates 
the effect of NaCl and cortin on body temperature. It is noticed 
that the NaCl and especially the cortin groups nearly regain normal 
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6 Leblond, C. P., and Segal, G., Compt. Rend. Soc. Biol., Paris, 1938, 128, 995. 
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temperatures, although the effects were not permanent at this level of 
colchicine. At the lower level of colchicine, the same results were 
obtained, except that several of the NaCl, KCl, and cortin animals 
survived indefinitely, whereas all the controls died. 

Preliminary results demonstrated a minimal lethal dose of 10 mg 
per kg of subcutaneously administered HgCl, in rats. Death was 
markedly delayed, hence food was offered. Four groups of rats, 
averaging ca 240 g, were injected with 20 mg per kg of HgCh, thus 
a lethal dose. The groups were treated essentially as in the previous 
experiments, except that the hormone was given as subcutaneously 
administered desoxycorticosterone acetate in oil (“‘Doca’’) instead 
of cortical extract. One mg in oil was injected 0, 12, 24, 34, 43, 43 
hr, and 2 mg at 51, 58, and 68 hr. The stomach-tubed fluids were 
administered at 24, 30, 35, 45, 60, 69, 80, 92, 104, 164, and 192 hr. 
Potassium chloride was definitely toxic to HgCl, poisoned rats, 
while ““Doca’”’ had no effect. The general symptoms were quite 
similar to those in iodoacetate poisoning except that death was 
delayed. All but one of the NaCl group had nearly regained normal 
weight within 2 weeks, and survived indefinitely. All others died; 
the KCI group first, followed by the ‘“Doca”’ group, then the controls. 

In summary, Fig. 2 shows the pooled results, with respect to sur- 
vival times of rats poisoned with all 3 toxic agents. The top row of 
figures shows indefinite survival in all groups on the 50 mg level of 
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iodoacetate. The second row shows the marked life-maintaining 
effect of NaCl therapy in the case of lethal doses of iodoacetate, and 
lack of effect of cortin, while KCl seems somewhat toxic. The 
fourth row illustrates the beneficial effects of cortin in fatal col- 
chicine poisoning. The last row of figures illustrates the toxicity 
of KCl, benefits of NaCl, and lack of effects of ‘““Doca” in mercury 
poisoning. Temperature trends showed the same results as survival 
data, and in some cases revealed beneficial or detrimental effects 
much better throughout the entire study, except in the case of 
mercury poisoning. 

Shorr, Barker, and Malam’ questioned the specific inhibition of 
phosphorylation by iodoacetate during glucose oxidation. Wert- 
heimer,® Klinghoffer,? Ohnell and Hober,’? and Doty and Eaton,” 
have stated that iodoacetic acid has no effect upon intestinal absorp- 
tion of sugar, salts, and amino acids by any specific inhibitory action, 
but does so if present in grossly pathological quantities, in which the 
toxic symptoms described in this paper would result. Most workers 
have used much larger doses than we have employed. Verzar and 
his coworkers have used impaired intestinal glucose absorption as 
a criterion of adrenal insufficiency, and have extended reasoning 
obtained in such experiments to other experiments in which phos- 
phorylation in general is claimed to become impaired in adrenalec- 
tomized animals. The data we have presented in addition to the 
quoted references seem to us to constitute an argument against 
comparing the non-specific pathology of iodoacetate poisoning with 
the symptoms seen in the adrenal insufficiency syndrome. 


8 Wertheimer, E., Archiv. ges. Physiol., 1933, 238, 514. 

9 Klinghoffer, K. A., J. Biol. Chem., 1938, 126, 201. 

10 Ohnell, R., and Hober, R., J. Cell. and Comp. Physiol., 1939, 13, 161. 

11 Doty, J. R., and Eaton, A. G., 52nd Proc. Am. Physiol. Soc., 1940, p. 50. 
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Transfer of Radioactive Sodium Across the Placenta of the Cat.* 


Louts B. FLEXNER AND HErBert A. Pout. (Introduced by C. G. 
Hartman. ) 
From the Department of Anatomy, The Johns Hopkins University. 


Radioactive sodium, Nas,, was prepared by use of the electro- 
static pressure generator of the Department of Terrestrial Mag- 
netism, Carnegie Institute of Washington. Samples emitting about 
10° beta-rays per second were injected intravenously, as the chloride, 
into pregnant cats. At various intervals of time after injection, 
fetuses were removed by Caesarian section and a sample of blood 
taken from the mother. The radioactivity of the samples, in terms 
of beta-particles per second, was measured by a pressure ionization 
chamber and string electrometer, using the method previously de- 
scribed.* 

Typical data are presented in Tables I and II. Analysis of these 
data reveal the following relationships : 

1. Table I. The fetus near term comes to within 10% of a 
limiting equilibrium value with respect to sodium ion in the mater- 
nal plasma only after 12 to 18 hours. This is in striking contrast 
to the extracellular fluid of the mother which comes to the same 
value in about 4 minutes.* 

2. Table II, column 6. The rate of transfer across the placenta 
per unit weight of placenta is very low in early stages of pregnancy 
(gestation age, 15 to 20 days) but increases in linear manner to a 


TABLE I. 
Delivery time 
of fetus after 
injection of Nag4, Betas/sec/ Betas/sec/ 
hours Fetal wt, g total fetus* g fetus 
; 1.0 132 2.11 0160 
6.7 116 iL) 102 
19.0 96 19.5 206 
23.5 130 26.0 200 


*In each instance the number of beta-particles per second emitted by the 
sample (in all directions) has been corrected for background and radioactive decay 
and to unit activity of the maternal blood plasma. This makes the data from the 
several experiments immediately comparable. 

These fetuses have a gestation age of 55 days or over. 


* Aided by a grant from the Rockefeller Foundation Fluid Research Fund of 
the School of Medicine, Johns Hopkins University. 

1 Flexner, L. B., and Roberts, R. B., Am. J. Physiol., 1939, 128, 154. 

2 Hevesy, G., J. Chem. Soc., 1939, 1939, 1213. 


346 TRANSFER OF RADIOSODIUM ACROSS PLACENTA 


value 60 times that of the early stage at a gestation age of 57 days. 
After this stage, the rate of transfer per unit weight of placenta 
decreases somewhat until term (62 days). 

3. Table II, column 5. The rate of transfer to a unit weight of 
fetus, however, is high in early stages and falls with the duration of 
pregnancy. For example, the ratios of rates of transfer for gesta- 
tion ages of 15-20 days, 40 days and 60 days are 5.5:2.5:1. The 
relatively high rate of transfer per unit weight of fetus in the 
youngest fetuses is accounted for by the large size of the placenta 
compared to that of the fetus (Table II, columns 2 and 3). 


TABLE II. 
Gestation Betas/sec/ Betas/see 

age Fetal Placental total Betas/sec/g transferred/g 
days wt, g wt, g fetus/hr* fetus/hr placenta/hr 
15-20 Allis Gi 0.013 .085 .002 

40 15.0 Er 0.61 -041 L035 

50 52.0 13:5 1.20 -023 .089 

57 102.0 13.6 1.60 .0157 118 

62 132.0 25.4 2a -0160 .083 


*Corrected for background and radioactive decay, and to unit activity of the 
maternal blocd plasma as in Table I. 

4. Using the data of Coronios,* a curve has been constructed 
relating the percentage daily increase in fetal weight. to the fetal 
age. This curve parallels a curve relating the rate of transfer of 
Nass per unit weight of fetus to fetal age. It consequently appears 
that changes in rate of fetal growth in the cat are accompanied by 
parallel changes in rate of placental transfer per unit weight of fetus. 

he study presented here is part of a comprehensive investiga- 
tion now proceeding on the comparative physiology of the placenta 
as revealed by radioactive isotopes. 


We are indebted to Dean B. Cowie of the National Cancer In- 
stitute for making the sodium bombardments with the Carnegie 
generator. 


3 Coronios, J. D., Genetic Psychol. Monographs, 1933, 14, 283. 
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Specific Nature of Complement Fixing Antibody in Malaria as 
Demonstrated by Absorption Tests. 


ANNA DEAN DULANEY AND WARREN K. STRATMAN-THOMAS. 
(Introduced by O. S. Gibbs.) 


From the Department of Bacteriology and the Department of Preventive Medicine, 
University of Tennessee College of Medicine. 


We’ have confirmed the demonstration by Coggeshall and Eaton” * 
of a specific complement fixation reaction in malaria employing P. 
knowlesi antigens. The parasites were washed as free as possible of 
hemoglobin and other blood constituents and dried in vacuo. When 
ready for use a standardized amount was rehydrated with physio- 
logical saline, frozen and thawed, and the supernatant fluid used as 
antigen. 

We have tested sera from 83 patients in whose blood malaria 
parasites were demonstrated. Seventy-two percent gave a positive 
complement fixation for malaria at some time during the course of 
the disease. The positive reaction was correlated with the presence 
or recent presence of demonstrable parasites but not with the number 
of parasites. Our results show that a positive complement fixation 
reaction with our parasite antigen is probably diagnostic of malaria. 
However, a negative reaction does not rule out malaria. 

Sera from 134 individuals presumably free from malaria yielded 
127 negative and 7 weakly positive reactions read as 1+ or +. 
Forty-three of these sera were known to give a positive Wassermann 
reaction, 40, a negative Wassermann. One in each group gave a 
weakly positive reaction with the malaria antigen. It would appear 
that syphilis does not provoke non-specific reactions with the malaria 
parasite antigen. 

We have further shown that Wassermann negative patients who 
received induced malaria remained Wassermann negative throughout 
the course of their treatment, even after they had developed a strongly 
positive reactivity for the malaria antigen. 

Absorption experiments also indicate distinct and unrelated anti- 
bodies since treatment of serum with either the malaria or Wasser- 
mann antigen removes the specifically reacting substance from that 


1 Stratman-Thomas, Warren K., and Dulaney, Anna Dean, Am. J. Trop. Med., 
in press. 

2 Eagle, Harry, and Hogan, Ralph B., J. Exp. Med., 1940, 71, 215. 

3 Coggeshall, Lowell T., and Eaton, Monroe D., J. Exp. Med., 1938, 67, 871. 
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serum without modification of its ability to fix complement in the 
presence of the other antigen. 

For these absorption experiments sera giving 4+ reaction with 
both the malaria and Wassermann antigens were used. We followed 
the procedure employed by Eagle’ in absorption experiments on 
syphilitic sera using Wassermann and Reiter spirochetal antigens. 

The 5 sera tested were obtained from patients who had received 
induced malaria therapy for the treatment of paresis. Sera obtained 
from these patients prior to the malaria inoculation gave 4+ Was- 
sermann reactions and no complement fixation with the malaria 
antigen. 

Each serum was divided into 5 portions. Part 1 (2 cc) was 
absorbed with the sediment from 2 cc of Kahn antigen which had 
been diluted with 3.5 cc of saline and centrifuged. After incuba- 
tion for 2 hours at 37.5°G@ and overnight im thevicesboxs 2, canoe 
physiological saline were added. Removal of the lipoidal particles 
was accomplished by centrifugation at high speed and subsequent 
filtration through a micro-Seitz filter. Part 2 (2 cc) was diluted with 
an equal volume of physiological saline and served as a control for 
the filtering process to which Part 1 was subjected. Part 3, (2 cc) 
was combined with an equal volume of the undiluted P. knowlesi 
antigen, prepared in our routine manner. After incubation for 2 
hours at 37.5°, the mixture was centrifuged and the supernatant 
fluid removed. One cc (KAb,) was set aside for testing and the 
remainder used for a second absorption with the undiluted antigen. 
In some cases this process was repeated again and the final mixture 
of serum and antigen left in the ice box overnight when it was 
centrifuged and the supernatant fluid (KAb,) removed for test- 
ing. Part 4 (2 cc) was absorbed 2 or 3 times with an antigen 
prepared from red blood cells of normal monkeys to rule out species 
factors which might influence the reaction with the malaria antigen. 
Part 5 was used as the untreated serum control. 

Complement fixation tests on non-absorbed and absorbed portions 
of the sera were done at the same time with Wassermann antigen 
and our P. knowlesi malaria antigen. The procedure employed for 
our routine complement fixation tests was followed. Serum and 
antigen controls were included. Table I gives the detailed results 
obtained with the serum of patient DIS. Other sera yielded similar 
data. 

These results show: (1) Absorption with the Wassermann anti- 
gen removes the so-called syphilitic reagin, responsible for the positive 
Wassermann test without affecting the reactivity of the serum with 
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TABLE I. 
Effect of Absorption with Wassermann, Malaria, and Normal Monkey Antigens on 
Reactivity of Serum for Wassermann and Malaria Antigen. 


Dilutions of serum 


4 ay 
Serum of patient dis. Antigen Undiluted 1:2 1:4 1:8 1:16 1:32 1:64 

Untreated <3 44 4+ 4+ 44 24+ — — 

t 44 44+ 44+ 14 — ~~ — 

Diluted 1:2 with saline and * ae 4+ 44+ 34+ 24+ — — 
filtered T Bee 4 3 

Absorbed with Kahn antigen, * = 4+ 44+ 34+ 14+ — — 
diluted 1:2 with saline, t ae — 
filtered 

Absorbed with malaria es ee 38+ 24+ 414 — —~— — 
antigen 1 x (KAb,) t is 4+ 4+ 

Absorbed with malaria ‘2 ae — 1+ —- ~—~— ~~ — 
antigen 2 x (KAb»s) t ee a 4 — ye SS = 

Absorbed with malaria 2 


antigen 3} de (KAbs) % 


Absorbed with normal mon- = a 4+ 44+ 44+ 24+ — — 
key antigen 1 x (NAb,) t ace 4+ 4+ 42 —- — — 
Absorbed with normal mon- " ee - 4+ 384+ 24 — — 
key antigen 2 x (NAb») t — = 4 LS 
Absorbed with normal mon- e ae we oe 8+ 14+ — — 
key antigen 3 x (NAbs) t ae wee eee 
*Malaria. 
+Wassermann. 


the malaria antigen to a significant degree. (2) Absorption with 
the malaria antigen removes the malaria antibody without re- 
moval of the syphilitic reagin to a significant degree. (3) Ab- 
sorption with normal monkey red cell “antigen” does not affect the 
reactivity of the serum with either the Wassermann or the malaria 
antigen. 4. On the basis of this investigation the complement fixa- 
tion test for malaria would appear to be indicative of the presence 
of a specific malaria antibody in patients’ sera. 5. The syphilitic 
reagin and the malaria antibody would appear to be distinct entities. 
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Functional Properties of Isolated Spinal Cord Grafts in Larva! 
Amphibians.* 


PauL WEISS. 
From the Department of Zoology, The University of Chicago. 


The thesis that the operation of the central nervous system can be 
satisfactorily explained in terms of fixed neurone arrangements, 
rests largely on the interpretation of the structural organization of 
the central gray, as it presents itself in the normal animal. If the 
central nervous system really owes its fundamental functional 
manifestations to the minute details of its neurone architecture, 
any major disorganization of the latter should thoroughly derange 
the former. Accordingly, a study of the functional capacities of 
a central nervous system whose anatomical connections have been 
thrown into confusion promises information of crucial interest. 
Such a condition can be produced by transplantation. 

Fragments of spinal cord, including several segments, excised 
from larval salamanders (Amblystoma punctatum) were grafted 
into the gelatinous connective tissue of the dorsal fin fold. Hosts 
and donors were of identical age (ca 2 cm in length) and had been 
in full functional activity for many weeks. In 7 of the 14 animals 
thus operated a limb was grafted at some distance anteriorly or 
posteriorly to the cord graft. All grafts became quickly vascu- 
larized and well incorporated. 

Histological study revealed 3 main changes in the grafted cord 
fragments: (1) varying degrees of reduction of the gray matter; 
(2) considerable deformation and disorganization of the surviving 
portion; (3) outgrowth of bundles of nerve fibers into the sur- 
roundings. 

The outgrowing nerve fibers form connections with skin, trunk 
muscles, and in the presence of a grafted limb, also with the latter. 
The cables connecting cord and limb grafts are always much 
stronger than other bundles. This fact, highly significant for the 
interpretation of normal nerve development, suggests that the first 
pioneering fibers to become attached to the limb thereby acquire 
some faculty—a kind of “‘stickiness’”, as it were—converting 
them into a preferential contact pathway for later fibers. Arrived 


* Aided by the Dr. Wallace C. and Clara A. Abbott Memorial Fund of The 
University of Chicago. 
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inside the limb, the fibers form abundant and typical connections 
with muscles and skin. 

Within a few weeks of the transplantation these isolated cord- 
limb complexes begin to exhibit functional activity, in which 3 suc- 
cessive phases can roughly be identified: an early phase of ‘“spon- 
taneous” activity; a later phase of responsivity to stimuli applied 
to the grafted center; a final phase of true reflex responsivity. 

The first phase is characterized by intermittent or almost inces- 
sant twitching of the limb muscles. The twitches usually appear in 
spells, starting with irregular fibrillations and gradually building up to 
violent convulsions. A single fit may last for several minutes. At 
the peak of activity, the contractions are remarkably well syn- 
chronized, the limb executing strong periodic beats, sometimes at 
fairly regular intervals of the order of one to several seconds. The 
seizures appear no matter whether the animal is at rest or in motion, 
but are usually more intense following a period of host activity. 

During the following weeks the spontaneous bursts become 
scarcer, with longer periods of inactivity separating the individual 
fits. During this phase reactions can, however, often be evoked by 
lightly pressing against the cord graft; the response follows the 
stimulus with a latency of sometimes more than a second and con- 
sists of anything from a single jerk to a seizure of several minutes’ 
duration. 

A few weeks later true reflex responses can usually be obtained by 
tactile stimulation (with cotton fibers) of the skin in the vicinity 
of the cord graft. In the course of time the stimulogenous area 
increases. The reflex response consists of a vigorous indiscrimi- 
nate contraction of all limb muscles with no sign of coordination. 
The form of the response is essentially constant for a given case, 
but its size and temporal characteristics vary with the strength and 
mode of application of the stimulus, as well as with the condition of 
the host body. While a weak localized stimulus may yield a single 
twitch, an increase in the strength of the (mechanical) stimulus or 
spatial summation (stroking) or temporal summation (repetitive 
touch) all produce a repetitive response, with the after-discharge 
sometimes lasting for several seconds. Moreover, the excitability 
of the preparation fluctuates with the condition of the host body: 
prolonged host activity is invariably followed by a marked increase in 
the reflex excitability of the cord graft. This host influence on graft 
excitability is a humoral effect, since direct nerve connections be- 
tween the central nervous system of the host and the cord graft are 


lacking. 
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In cases in which the grafted cord had innervated trunk muscles, 
the latter showed reactions similar to the ones described for the 
limb grafts. The contractions of the segmental muscles were always 
directed towards the site of the cord graft as the center of inner- 
vation. As in the limb cases, irregular fibrillations as well as 
synchronized beats were observed; in a few instances, slow, tonic, 
contractions were also noted. 

The reactions described in the preceding are positively neuro- 
genic manifestations of the isolated cord-limb graft complex itself. 
Asa crucial check against the possible intrusion of host innervation, 
the host cord was pithed in several specimens, and finally the portion 
of the back containing the grafted units was completely excised and 
tested in isolation. Even so, the preparations exhibited the same 
functional activities as before. In fact, their excitability was even 
markedly increased. 

These observations demonstrate that a fragment of spinal cord, 
after undergoing a major involution, is still in possession of certain 
functional properties which, accordingly, can be regarded as the 
fundamental dynamic properties of a nerve center deprived of its 
finer structural differentiation. Thus far the following have been 
observed in our preparations: Spontaneous firing (later subsiding) ; 
long latency; synchronization of discharges; after-discharge; repet- 
itive action; reflexivity; spatial summation; temporal summation; 
fluctuating excitability ; fatigue. 

The details of the microscopical examination of the grafts will be 
reported later. The most surprising fact is the presence of abundant 
sensory fibers, serving as afferent pathways in the described reflexes, 
despite the fact that only pure spinal cord without primary afferent 
neurones had been transplanted. Apparently, fiber processes of the 
spinal gray have connected directly with the skin and become afferent 
in function, with a concomitant reversal of the sense of their synaptic 
transmission. The structural disorganization of the gray has pre- 


sumably weakened the original polarity and irreciprocity of synaptic 
relations. 
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Differentiation of Sera of Two Species of Doves and Their 
Hybrid.* 


R. W. CUMLEY AND M. R. Irwin. 


From the Department of Genetics, University of Wisconsin. 


Following the studies of Nuttall,’ the precipitin-reaction has come 
into wide use as a means of correlating the taxonomic relationships 
of species with the serological properties of their serum-proteins. 
For papers citing the numerous reports of work of this nature, the 
reader is referred to other sources.** A few workers have employed 
the method of absorption of precipitins to differentiate in precipitin 
reactions, the serum-proteins of species that are distinguishable either 
not at all or with difficulty by direct precipitation. These are sum- 
marized by Cumley.‘’ (Landsteiner and van der Scheer*® have 
pointed out limitations in the principles of absorption of precipitins, 
which affect the interpretation of the results obtained by this technic. ) 
Weare familiar with only a few reports’’ dealing with the antigenic 
relationships of the serum of a species-hybrid to that of each of the 
parents. In the present tests, the serums of the Pearlneck (Strepto- 
pelia chinensis), Ring dove (St. risoria) and their hybrids (F,- 
P.N./R.D.) were compared. 

The precipitins were produced by injecting 0.6 cc of the serum 
of a species into rabbits 3 times per week until 6 cc of serum had been 
injected. The immune sera were collected on the tenth and eleventh 
days after the last injection. For absorptions, the undiluted anti- 


* Paper No. 259 from the Department of Genetics, University of Wisconsin. 
This investigation was supported in part by a grant from The Rockefeller 
Foundation. 

1 Nuttall, G. H. F., Blood Immunity and Blood Relationship, 1904, Cambridge, 
The University Press. 

2 Baier, J. C., Jr., Physiol. Zool., 1933, 6, 91. 

3 Boyden, A., Am. Nat., 1934, 68, 516; Sigma Xi Quart., 1936, 24, 152. 

4 Hicks, R. A., and Little, C. C., Genetics, 1931, 16, 397. 

5 Hektoen, L., and Cole, A. G., J. Inf. Dis., 1932, 49, 29. 

6 Wolfe, H. R., Biol. Bull., 1939, 1, 108; Zoologica, 1939, 24, 309. 

7Cumley, R. W., Am. Nat., 1939, 73, 375. 

8 Landsteiner, K., and van der Scheer, J., J. Hxp. Med., 1924, 40, 91. 

9 Ishihara, M., and Misao, T., Jap. J. Gen., 1929, 4, 147. 

10 Kraus, R., and Prizbram, H., Zentralbl. f. Physiol., 1907, 21, 258. 
11 Sasaki, K., Jap. J. Zootechn. Sci., 1926, 2, 1; 2%. f. Tierzwehtung und 
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serum to one species was mixed with an equal volume of the serum | 
of the other species, and stored at 2-5°C for 24 hours. The process | 
was repeated, using smaller volumes of the absorbing serum, if, 

after centrifugation of the mixture, the supernatant fluid produced 

a ring when tested with this serum. For the precipitin-tests, the 
antiserum was placed in each of a series of capillary tubes of about 

2 mm diameter, to a height of approximately 2 mm, and the antigen in 

its successive dilutions was carefully layered above. The appearance 

of a ring at the interface within 2 hours was taken as indication of 

a precipitate. 


TABLE I. 
Results of Ring-Precipitin Tests, with Anti-Pearlneck and Anti-Ring Dove Sera. 


Highest dilution of 


Antiserum Absorbed by Antigens antigen giving 
No. Antiserum serum of tested a precipitate 
3983 Pearlneck —— Pearlneck 1:16,384 

2 a Ring dove 1:16,384 

ee ye F,P.N./R.D. 1:16,384 

8983 e Ring dove Pearlneck 1:1024 
Hi a a4 Ring dove None 
2 M i F,P.N./R.D. lea 
3983 Re F,P.N./R.D. Pearlneck None 

By es et Ring dove None 

x ag ue F,P.N./R.D. None 
19883 1 —— Pearlneck 1:32,768 

ay A Ring dove 1:32,768 

a ag F,P.N./R.D. 1:32,768 
198S3 “ys Ring dove Pearlneck 1:2048 

a2 er se Ring dove None 

lie pe oe F,P.N./R.D. 1:64 
19883 HY F,P.N./R.D. Pearlneck None 

a thd 12 Ring dove None 

2 Ja ig F,P.N./R.D. None 
26381 Ring dove sa Pearlneck 1:16,384 

Pa ee Ring dove 1:16,384 

2 ue FF P.N./R.D. 1:16,384 
26381 a Pearlneck Pearlneck None 

Bs me uy Ring dove 1:512 

oo oe 4 F,P.N./R.D. 1:128 
26381 a F,P.N./R.D. Pearlneek None 

iy ae sey Ring dove None 

2 #4 7 Hy PANY R.D: None 
28782 23 oo Pearlneck 1:16,384 

Pe) 2 Ring dove 1:16,384 

a 7 HPN RD 1:16,384 
28782 ae Pearlneck Pearlneck None 

a a ae Ring dove 1:1024 

ay ee au ¥,P.N./R.D. 1:128 
28782 ye PE ING/ RD: Pearlneck None 

me ey ee Ring dove None 

a eS 2 F,P.N./R.D. None 


Concentrated antiserum was used in the tests if the antisera were not absorbed. 
In the absorption-tests, the antisera were diluted in varying degrees, depending 
upon the amount of antigen required for absorption. 
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The results of the tests involving anti-Pearlneck and anti-Ring 
dove sera, either unabsorbed or following absorption by the serum 
of the other species or the hybrid, with the various dilutions of the 
sera of Pearlneck, Ring dove and their F, hybrid, respectively, are 
given in the table. It will be noted that the sera of Pearlneck, Ring 
dove, and their F,, respectively, reacted at the same dilution with each 
of the various unabsorbed antisera, and that no distinction between 
them could be made by these tests. 

However, when anti-Pearlneck serum was absorbed by Ring dove 
serum, the reagent thus produced precipitated the serum of both 
Pearlneck and the F,, but not that of Ring dove. Likewise, follow- 
ing absorption of Ring dove antiserum by the serum of Pearlneck, the 
test fluid reacted with the serum of Ring dove and the hybrid, but not 
of Pearlneck. The serum of the species-hybrid invariably showed a 
precipitate at a lower dilution with the absorbed fluids than did the 
serum of either Pearlneck or Ring dove with their respective homo- 
logous antisera. Therefore, we may reasonably conclude that the 
serum of the species-hybrid contains a part, possibly all, of the same, 
or of related proteins that make for the species-specific qualities of 
the sera of each of the parental species. Additional evidence as to the 
possible relationship of the serum-proteins of the hybrids with those 
of each parent is furnished by the reactivity of the antisera for either 
parent following the respective absorptions by the hybrid serum. 
As will be noted, such reagents produced no precipitates at all with 
any of the 3 kinds of serum. Thus, since the hybrid serum by ab- 
sorption could remove all the precipitins from the antiserum for 
either parent, it would seem that the antigenic components of the 
serum of this species-hybrid were very similar to, if not identical 
with, those of the serum of both parental species. 

Investigations are now under way to determine the reactivity of 
the serum of backcross individuals (to Ring dove), representing the 
different unit-cellular characters of Pearlneck.”” 

Summary. The serum proteins of two dove species, Pearlneck and 
Ring dove, and their hybrid were indistinguishable by direct pre- 
cipitin-tests ; i.e. the three kinds of serum reacted at the same dilution 
with antisera for each of the two species. Following absorption, 
however, of the antiserum to one species by the serum of the other, 
a differentiation of the serum-proteins was readily made. The serum 
of the species-hybrid appeared to possess a combination of the pre- 
cipitinogens of both parental species. 


12 Irwin, M. R., Genetics, 1939, 24, 709. 
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Water and Electrolyte Content of Dolphin Kidney and Extraction 
of Pressor Substance (Renin). 


LILLIAN EICHELBERGER, Louis LEITER AND E. M. K. GEILING. 


From the Lasker Foundation for Medical Research and the Departments of 
Medicine and Pharmacology of the University of Chicago. 


Former findings on the distribution of electrolytes in the blood’ 
and skeletal muscle? of the dolphin (Tursiops truncatus), together 
with the variations revealed in comparisons with terrestrial mammals, 
actuated a similar examination of the kidneys of the dolphin. The 
regular occurrence of a pressor substance (renin) in the kidneys of 
terrestrial mammals stimulated the attempt to demonstrate the 
presence of such a substance in the kidney of this sea mammal. 
Therefore, the object of this work was: (1) to determine the water 
and electrolyte content of the dolphin kidney; (2) to establish the 
presence of a pressor substance (renin) in this kidney; and (3) to 
compare the results with corresponding data from the dog as a rep- 
resentative land mammal. 

Experimental. One whole kidney weighing 230 g was removed 
from a live young female dolphin, weighing 80 kg, under sodium 
phenobarbital anesthesia. The kidney was immediately chilled and 
frozen. After being wrapped in oiled paper, it was placed in a wide- 
mouth thermos bottle and shipped by air express from the Marine 
Studios, St. Augustine, Florida, to our Chicago Laboratories, as 
described in a previous paper.* 

The dolphin kidney is a compound organ composed of hundreds 
of small kidney units, each containing a cortex and medulla. There- 
fore, an aliquot number of units of the whole kidney was taken for 
chemical analyses, and the remainder for the extraction of the pressor 
substance. Units amounting to 40 g in weight were analyzed in 
triplicate for water, fat, chloride, sodium, potassium, calcium and 
magnesium, using the procedure and methods described by Eichei- 
berger and Bibler.* These data are given in Table I. 

The pressor substance was extracted from 190 g of the kidney 
units by a method to be described later. To test the pressor activity, 


1 Kichelberger, L., Fetcher, E. S., Jr., Geiling, E. M. K., and Vos, B. J., Jr., 
J. Biol. Chem., 1940, 138, 145. 

2 Hichelberger, L., Geiling, E. M. K., and Vos, B. J., Jr., J. Biol. Chem., 1940, 
133, 661. 

° Eichelberger, Lillian, and Bibler, Walter, J. Biol. Chem., 1940, 132, 645. 
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TABLE I. 
Water and Electrolyte Content of Dolphin Kidney. 
The values are given per kilo of fat-free tissue. 


H,0 Fat Cl Na K Ca Mg 
g g mM mM mM mM mM 
821.0 ilar 65.3 84.2 56.8 IRDS 6.3 
Kidneys from 20 normal dogs. 
Mean 802.2 19.7 67.7 82.6 58.3 2.16 Ont 
o* 5.6 9.0) 5.3 5.8 4.8 0.53 0.5 


*Standard deviation. 


the purified extract was injected intravenously into an unanesthetized 
dog and also into a dog under nembutal anesthesia. Blood pressure 
of the unanesthetized dog was recorded kymographically by means 


CuHarT 1. 

Unanesthetized dog. Wt 11.6 kg. Upper record shows time in intervals of 5 
seconds. Middle curve represents femoral blood pressure. (Gl) _Normal blood 
pressure, 154 mm Hg. (2) 4 ce extract from dolphin kidney (equivalent bo 2), & 
fresh kidney tissue) injected intravenously, blood pressure 228 mm Hg. xX 
signifies washings of the needle. 
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of a gauge 18 needle in the femoral artery connected with a cannula 
and a mercury manometer. This tracing is shown in Chart I. It 
will be noted that the control blood pressure of the 11.6 kg dog was 
154mm Hg. After the injection of 4 cc of extract, equivalent to 
20 g of fresh kidney tissue, the blood pressure rose to 228 mm Hg. 
and was still at 212 mm at the end of 10 min. 

Blood pressures of the anesthetized dogs were recorded by can- 
nulas in the carotid artery connected directly to a mercury man- 
ometer. This tracing is shown in Chart 2 It will be noted that the 
control blood pressure of the dog under nembutal anesthesia was 
152 mm Hg. After the intravenous injection of 2 cc of extract, 
equivalent to 10 g of fresh kidney tissue, the blood pressure rose to 
184 mm Hg. The blood pressure of the dog returned quickly to 
normal evidently because the amount of extract injected was too 
small. Another injection of 2 cc of the extract caused a second rise 
to 194 mm Hg. After a third injection of the extract, the blood 
pressure rose from 166 mm to 200 mm Hg. and persisted at a level 
of 172 mm for 10 minutes when the experiment was terminated. 

These results show that a pressor substance (renin), which func- 
tions like the renin from dog or pig kidney, was isolated from the 
dolphin kidney. (1) The control blood pressure of a 8.9 kg anes- 
thetized dog was 118 mm Hg. After the intravenous injection of 


nai aa eso otto 


CHART 2. 

Anesthetized dog. Wt. 8.2 kg. Records as in Chart 1. (1) Normal blood 
pressure, 152 mm Hg. (2) 2 ce extract from dolphin kidney (equivalent to 10 g 
fresh kidney tissue) injected intravenously, blood pressure 184 mm Hg. (3) Second 
injection of 2 ce of extract, blood pressure 194 mm Hg. (4) Third injection of 2 
ce of extract, blood pressure 200 mm Hg. 


ELECTROLYTES AND RENIN IN DoL_eHin KipNEy S59 
2 cc of extract made from dog kidney (equivalent to 10 g fresh 
kidney tissue) the blood pressure rose to 176 mm Hg and was still 
at 172 mm at the end of 30 min. (2) The control blood pressure 
of an 8.5 kg anesthetized dog was 110 mm Hg. After the injection 
of 2 cc extract made from pig kidney (equivalent to 10 g fresh kid- 
ney tissue) the blood pressure rose to 240 mm Hg. The blood pres- 
sure remained at 170 mm for 15 min., after which another injection 
of 1 cc extract caused a second rise to 200 mm Hg, which again con- 
tinued at a level of 170 mm for 15 min. After a third injection of 
2 cc extract the blood pressure rose to 190 mm Hg. 

Comments. When the content of water and electrolytes in the 
kidneys of dolphins was collated with comparable data obtained from 
the kidneys of dogs (Table I), the only difference was the higher 
water content in the dolphin kidney. The values for sodium and 
chloride found here, as well as in dog kidneys, are too high to be 
accounted for by the extra water, assuming that this water is extra- 
cellular and contains the concentration of sodium and chloride ex- 
pected in extracellular fluids. Therefore, it must be assumed that 
certain cells of the dolphin kidney engaged in the reabsorption of 
chloride from the glomerular filtrate must contain chloride as well 
as sodium. Further, the analytical data reflect either of two possi- 
bilities: (1) the existence in the lumen of the nephron of an addi- 
tional fluid phase, varying in composition as it passes down the renal 
tubules, which must not be different from that found in dogs or else 
the analytical results would have been decidedly different; (2) if the 
chloride and sodium concentration representing the extracellular 
spaces of the kidney is low, as found in the skeletal muscle,’ then 
the sodium and chloride concentration in the contents of the collecting 
tubules must be considerably higher than that found in the dog. 

The potassium figures, as in dog kidneys, indicate that the intra- 
cellular phase of the dolphin kidney is relatively small and of the 
same comparative volume. In view of the complexity of the system 
and the different kinds of kidneys, it is surprising that the data for 
dog and dolphin kidneys exhibit the degree of consistency portrayed 
in Table I. 

Conclusions. 1. The values for the water content and electrolyte 
concentrations of a normal dolphin kidney were as follows: Total 
water, 821.0 g; chloride, 65.3 mM; sodium, 84.2 mM; potassium, 
56.8 mM; calcium, 1.53 mM; and magnesium, 6.3 mM per kg of 
fat-free tissue. 

2. A pressor substance was isolated from the kidney of the dolphin 
which behaved chemically and physiologically like the renin prepared 
from the kidney of the dog or pig. 
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Reduction of Arterial Hypertension by Subcutaneous Implanta- 
tion of Kidney Tissue.* 


S. Ropparp, L. N. Katz anp M. SoKoLow.t 


From the Cardiovasculur Department, Michael Reese Hospital, Chicago, and 
Department of Physiology, University of Chicago. 


We have obtained evidence that the kidney plays an important role 
not only in the production of the hypertension but also in its elim- 
ination.1 To elucidate further the nature of this relationship, we 
have investigated the effect of subcutaneous implantation of kidney 
tissue in normotensive and hypertensive dogs. 

Blood pressures of trained unanesthetized dogs were taken using 
the Hamilton manometer,” according to a technique previously de- 
scribed by us.° After adequate training, the diastolic pressure of 
most of our dogs became constant at 75 or 80 mm Hg and these were 
classed as normotensive. Hypertension was induced in 8 dogs by 
partial occlusion of the main renal arteries, using the Goldblatt 
technique.* 

After a preliminary period of observation during which the arterial 
pressure was relatively constant, 10 to 15 g of kidney tissue obtained 
from normotensive dogs was implanted under local anesthesia 
in the subcutaneous tissue of normotensive and hypertensive 
dogs. On the third day thereafter the necrotic mass of partially 
autolyzed kidney was expelled from the wound or was removed. 
Usually 10 or 20 ce of a sero-purulent fluid escaped from the wound 
at this time. After removal of the necrotic kidney tissue, the animal 
improved rapidly. 

In the 8 dogs with hypertension of renal origin persisting 47, 91, 
100, 140, 182, 200, 400 and 29 days respectively, implantation of 
kidney tissue resulted in a fall in blood pressure beginning on the 
second day, reaching a low on the third day and returning to the 
hypertensive level in the fourth to fiftieth days. The blood pressure 
returned to the hypertensive levels in 1, 50, 20, 4, 5, 7, 3 and 40 days 

* Aided by the A. D. Nast Fund for Cardiac Research and the Dazian Founda- 
tion for Medical Research. 

+ Now in San Francisco. 

1 Rodbard, S., and Katz, L. N., Am. J. Med. Sci., 1939, 198, 602. 


* Hamilton, W. F., Brewer, J., and Brotman, I., Am. J. Physiol., 1934, 107, 427. 


8 Katz, L. N., Friedman, M., Rodbard, S., and Weinstein, W., Am. Heart dies 
1939, 17, 334. 


4Goldblatt, H., Lynch, J., Hanzal, R., and Summerville, W., J. Lap. Med., 
1934, 59, 347. 
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respectively. The average duration of the fall was 16 days. In the 
latter 2 dogs, re-implantation of kidney tissue 35 and 330 days after 
the return of hypertension resulted in a second fall in blood pressure 
with a return to hypertensive levels persisting for 4 and 36 days 
respectively after re-implantation. The maximum drop in diastolic 
pressure amounted to 25 to 50 mm Hg in the 10 experiments and was 
sustained for the periods indicated. The non-protein nitrogen of the 
blood remained at normal levels during and subsequent to the de- 
pression in arterial pressure. 

In 6 normotensive dogs the implantation of kidney tissue had no 
effect on the blood pressure. The blood pressure remained at the 
normotensive levels for the duration of the experimental period up 
to 38 days. Renal ischemia was then produced in 3 of these dogs, 
24, 38 and 7 days respectively after the implantation was performed. 
In all 3 a definite persistent rise in arterial pressure was observed to 
follow this operation. 

In 3 dogs with renal hypertension the production of an infusorial 
earth abscess had no significant effect on the blood pressure. This 
abscess was produced by injecting 1 gm of infusorial earth in 10 cc 
of saline subcutaneously. The large abscess which resulted was 
opened on the third to fourth day, at which time 25 to 50 cc of pus 
escaped. The animals improved rapidly following the opening of 
the abscess. 

Our results suggest that during destruction of transplanted kidney 
tissue, a drop occurs in the blood pressure to normotensive levels in 
dogs with renal hypertension. No fall in blood pressure occurred 
following production of an infusorial earth abscess. This is in line 
with the report’ that extensive cellulitis does not lower the pressure 
of renal hypertensive dogs. Since no fall in blood pressure occurred 
after implantation into normotensive dogs, the effect seems to be 
confined to the hypertensive animals. It may persist for long periods 
beyond the time of removal of the kidney tissue. These facts indi- 
cate that the process is not a simple depressor action from absorbed 
depressor substances but more likely is in the nature of an antagonist 
to the renal hypertension mechanism. These results are in accord 
with independent and somewhat different experiments recently 
reported.** A striking difference exists in the two types of ex- 


5 Wakerlin, G. E., Gaines, W., and Mosny, S. D., Proc. Am. Physiol., Society, 
New Orleans, p. 191, 1940. 

6 Harrison, T. R., Grollman, A., and Williams, J. R., Am. J. Physiol., 1940, 
128, 716. 

7 Page, I. H., oral presentation at the American Physiological Society meeting 
in New Orleans, 1940. 
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periments in that no blood NPN elevation occurred in our experi- 
ments. 

Implantation of liver, skeletal muscle, cardiac muscle, spleen, and 
boiled kidney had only a transient depressor effect upon the blood 
pressure of hypertensive dogs. 

Experiments are under way to determine the nature of this renal 
principle and to discover whether or not similar effects can be ob- 
tained with other tissues. 

Summary. Our results suggest that transplanted kidney tissue 
undergoing degeneration exerts an antagonistic action upon the renal 
hypertension mechanism. 
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Effect of Serum Proteins on the Polarographic Curve.* 


H. P. Ruscu, T. Kuatt, V. W: MeLocHeE anp A. J. DIRKSEN. 


From the McArdle Memorial Laboratory and the Department of Chemistry, 
University of Wisconsin, Madison. 


The first attempt to apply the polarographic method to cancer 
diagnosis was reported by Brdicka.* Since then various others 
have used this technique as a test for the detection of changes in 
cancer sera.** A difference has been demonstrated between normal 
and cancer blood by these workers, but it appears that this difference 
is chiefly a statistical one. Our own results fully confirm this diffi- 
culty. Ina survey of 150 cases, individuals were divided into 3 gen- 
eral groups: normal, non-cancerous diseases and cancer.° The 
values obtained were expressed as the height of the polarographic 
curve. There was considerable overlapping in all groups, making it 
impossible to distinguish any individual case as being representative 
of normal, cancerous or non-cancerous. 

During the course of these studies, serum proteins were deter- 
mined in some of the specimens which also were examined polaro- 
graphically. There appeared to be a general parallelism between the 
amount of the serum protein and the height of the polarographic 


* Supported by the Jonathan Bowman Cancer Fund and the Wisconsin Alumni 
Research Foundation. 

1 Brdi¢ka, R., Nature, 1937, 189, 330. 

2 Bergh, F., Henriques, Q. M., and Wolffbrandt, C. G., Nature, 1938, 142, 212. 

3 Wedemeyer, H. E., and Daur, T., Z. f. Krebs., 1939, 49, 10. 

4 Walker, A. C., and Reimann, S. P., Am. J. Ca., 1939, 37, 585. 

5 Rusch, H. P., Klatt, T., Meloche, V. W., and Dirksen, A. J., in press. 
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curve. A more extended survey was therefore made of various types 
of pathological as well as normal bloods, and the polarographic re- 
sults correlated with variations in the albumin and globulin content 
as determined by chemical methods. <A brief description of the ap- 
paratus and the principles underlying its operation has been recently 
reported by Walker and Reimann.* 

The blood samples were obtained from fasted subjects. After 
clotting the serum was withdrawn and aliquots taken for the deter- 
mination of the serum proteins and for the polarographic test. The 
serum proteins were determined by Greenberg’s colorimetric method. 
The aliquot used for the polarographic test was treated as follows: 
0.1 cc of serum was hydrolyzed by adding 2.5 cc of a 0.05N HCl 
solution containing 2.5 mg pepsin and incubating at 40°C for 15 
min. Q.1 cc of this mixture was then added to 5 cc of a buffer solu- 
tion which was composed of 10 cc IN NH,OH; 10 cc 1N NH.Cl; 
10 cc 0.O1N cobaltic chloride and 10 cc water. Stock solutions of 
the various constituents of this buffer were kept in separate bottles 
and were added together in appropriate amounts just prior to each 
test. The polarographic measurements were made immediately 
after the test solutions were prepared. 

In order to determine which fraction of the serum protein gave 
the typical curve, the proteins were precipitated from aliquots of 
serum with (NH,) SO, and the precipitate divided into albumin and 
globulin fractions by solution in dilute salt and by coagulation of the 
globulin on dialysis against distilled water. The crude protein frac- 
tions were then replaced separately, and in combination, into appro- 
priate amounts of deproteinized serum and polarographic measure- 
ments made as before. Only the albumin fraction yielded a typical 
curve; the characteristic waves obtained with intact serum were not 
observed in the globulin fraction, nor did the addition of globulin 
materially alter the shape of the albumin curve. 


TABLE I. 
Relation of Level of Serum Albumin to Polarographic Curve. 


Height of polarographic 


Albumin % curve in mm 
a 
No. Diseases Avg Range Avg Range 
7 Nephritis 2.1 1.3-3.1 21.0 13.5-28.0 
3 Vomiting of Preg. 2.2 2.0-2.5 22.5 20.5-23.5 
3 Osteomyelitis 2.5 1.4-3.6 25.0 13.5-36.0 
6 Cancer 2.8 2.5-3.3 26.0 23.0-29.5 
22 Miscellaneous* 2.6 1.1-3.8 25.8 17.5-34.5 
18 Cardio-vascular 3.0 1.8-4.1 28.0 18.2-34.5 
Uf Normal 3.5 3.6-4.0 36.5 28.0-44.5 


*There were no more than 2 of the same disease in this group. 
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There was a total of 66 cases in this series, the results of which are 
listed in Table I. When the average results of the serum from 
various diseases were compared, a direct correlation was found 
between the level of serum albumin and the height of the polaro- 
graphic curve. There was, however, a considerable overlapping of 
the individual cases in each group (Table I). Nevertheless, the in- 
dividual results also demonstrated a very close parallelism between 
the amount of the serum albumin and the polarographic response 
(Fig. 1). Wedemeyer and Daur have reported a similar correlation.* 
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The use of the polarograph as a method for cancer diagnosis de- 
pends on the measurement of certain sulfur-containing amino acids 
present in the proteins in the blood serum. The level of these con- 
stituents is reported to differ in normal and cancer sera. Brdicka 
explains the production of the polarographic curve as being due to 
the catalytic liberation of hydrogen at the dropping mercury cathode 
induced by the S-H group of cysteine and the S-S linkage of cystine. 
While this reaction is said to be catalytic, the amount of hydrogen 
deposited is quantitatively proportional to the concentration of these 
amino acids. Brdicka also demonstrated that the cystine group gives 
a wave height twice that for cysteine when equivalent molecular 
concentrations are used.”°*’ Various workers have determined the 
cystine content of serum globulin as being about 1.5-3.5% and that 
of serum albumin from 2.5-6.0%. If we take the usual figures given 
for the level of albumin as from 4-5 g per 100 cc and those for 
globulin as 2-2.8 g per 100 cc, we find that the cystine content of the 
albumin from 100 ce of serum is approximately 0.1-0.3 g while that 
for the globulin of the same amount of serum is about 0.03-0.09 g. 
These figures may, in part, explain our findings in regard to the 
curves obtained with these two separated fractions. 

It is interesting to note in passing that various workers have re- 
ported a higher sulphydryl content in rapidly growing tissues than 
in those proliferating slowly.* This has been demonstrated to be the 
case in embryonic cells, root tips as well as in certain tumors. 

Summary. The effect of the serum proteins on the polarographic 
curve was made on blood sera obtained from 66 normal and patho- 
logical individuals. The height of the polarographic curves was 
found to be directly proportional to the level of the serum albumin. 
It is obvious, therefore, that the polarographic method is of limited 
value in cancer diagnosis since changes in serum albumin are by no 
means specific for neoplastic diseases. 


6 Brditka, R., Nature, 1938, 142, 617. 
7 Brdiéka, R., Klin. Wochschr., 1939, 18, 305. 
8 Reimann, S. P., and Hammett, F. S., Am. J. Ca., 1936, 26, 554. 
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On the Fate of Ingested Pectin. 


S. C. WERCH AND A. C. Ivy. 


From the Department of Physiology and Pharmacology, Northwestern University 
Medical School, Chicago. 


Although pectin is being used for the treatment of certain types 
of diarrhea, and for other purposes in man, relatively little is known 
regarding its fate in the alimentary tract. We have been able to find 
only one report in which the fate of pectin ingested with a mixed diet 
was studied. Schneider’ prepared from apple marc a pectin which 
according to his analysis yielded 35.9% pentosan and 45.8% galac- 
tosan. He fed the pectin with a mixed diet very low in cellulose to 
several human subjects, and found the “coefficient of digestibility” 
for the pentosans to be 88.7%, and for the galactosans, 76.8%. He 
also found that intestinal bacteria decompose the hemicelluloses of 
apple marc. We have studied the fate of pectin fed to dogs with a 
mixed diet containing no cellulose, and to the same dogs while fasting. 

Methods: The pectin used in this study was a very pure citrous 
pectin obtained from the Research Department, California Fruit 
Growers’ Exchange. By the Link’ method 18.2% CO, equivalent to 
72.8% uronic anhydride was liberated. By the A. O. A. C. method*® 
for the determination of furfural, 1 g yielded 0.275 ¢ of phloro- 
gluside equivalent to 0.14528 g of furfural. (Uronic acids as well 
as pentoses yield furfural, hence this factor is not characteristic of 
all pectins, but must be determined for the particular pectin sample 
employed.) The methoxyl content was 9.5% and the jelly grade 
was 180. By the calcium pectate method,* 1 g yielded 110% pectic 
acid as calcium pectate, on the basis of ash and moisture-free pectin. 
The foregoing are the average results of a number of analyses made 
by us. When 5 g of pectin was added to 100 g of feces, 98% could 
be recovered by the uronic acid method, 94% by the furfural method, 
and 97.6% by the pectic acid method. 

Four dogs weighing from 25 to 35 lb were placed, for the first 
absorption period, on a mixed diet low in crude fiber (as a control), 
consisting daily of 200 cc of milk, 200 g of hamburger, and 100 g 

1 Schneider, E. C., Am. J. Physiol., 1912, 30, 258. 

* Dickson, A. D., Otterson, H., and Link, K. P., J. Am. Chem. Soc., 1930, 52, 775. 


8 Method of Analysis, Association of Official Agricultural Chemists, p. 344, 4th 
Hid., 1935. 


4 Joseph, G. H., personal communication. 
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of liver. During the second period, 20 g of pectin was added daily. 
For a third period, the dogs were given pectin alone; 20 g dissolved 
in 500 cc of water was given by stomach-tube. The absorption 
periods were 7 days in length. Specimens of feces produced by the 
dogs during each period were collected, dried and pooled, and pectin 
or its degradation products determined quantitatively as furfural, 
uronic, and pectic acids. 

When the dogs were fed the basal diet alone, no pectic acid was 
found in the feces, but a total of from 0.37 to 0.42 g of furfural 
and from 0.72 to 0.90 g of uronic acid was obtained from the dif- 
ferent dogs during the 7 day test period. The quantity of furfural 
and uronic acid obtained during the control period was subtracted 
from the total obtained during the pectin-feeding period. 

Results: Table I shows the quantity of pectin recovered in the feces 
as determined by the 3 chemical methods. When pectin was added 
to the mixed diet, furfural estimation indicated a recovery of 8.64%, 
uronic acid estimation 9.43%, and pectic acid estimation 3.09% 
(averages of the 4 dogs.) When pectin was given during fasting, 
furfural estimation gave a return of 48.33%, uronic acid estimation 
48.36%, pectic acid estimation 44.61% (averages of the 4 dogs). 

Analysis of the data proved to be very interesting. When one adds 
pectin to a mixed diet practically 90% disappears, and of the amount 
recovered in the feces only about a third may be obtained as pectic 
acid. When given during fasting, about 50% disappeared. In this 
case, dogs I and II defecated frequently, and the recovery of pectin 
ranged from about 70°'to 90% ; whereas in dogs III and IV, which 
defecated only once during 7 days, the amount of pectin recovered 
ranged from about 2 to 25%. Essentially the same results have been 
communicated to us by Drs. L. A. Crandall and H. K. Murer. In 
addition, the results indicate that the decomposition is carried further 
when pectin is added to a mixed diet than when given alone, for only 
about a third of the amount which may be recovered ii the feces in 
the former case may be obtained as pectic acid, while in the latter 
practically all the pectin recovered may be obtained as pectic acid. 
Decomposition may be also furthered if the pectin fed is retained for 
longer periods. 

Summary. In the dog when 20 g of pectin was fed per day, with a 
mixed diet over a 7 day period, an average of 90% of the pectin was 
decomposed ; when fed during fasting an average of only 50% was 
decomposed. These observations, however, may not be applicable 
to man. 
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Excretion of Gonadotropic and Estrogenic Hormones in Urine 
During Normal Menstrual Cycle. 


E. v. HAAmM AND N. O. ROTHERMICH. 
From the Department of Pathology, Ohio State University, Columbus, Ohio. 


None of the methods of bioassay for the urinary gonadotropins 
or estrogens is better than roughly quantitative. As long as definite 
standards of technic are not available the various absolute values 
claimed in the literature cannot be compared and no definite state- 
ments as to right or wrong can be issued. However, normal and 
abnormal fluctuations of these hormones during the menstrual cycle 
should be recognized with some degree of uniformity regardless of 
the absolute values obtained by the various methods. Our former 
belief in a single excretion peak of urinary gonadotropins dur- 
ing the menstrual cycle seems disproven by D’Amour, Funk 
and Liverman,* who showed as many as 3 excretion peaks in 
daily assays of urinary gonadotropins from normal women. Our 
previous conception of the premenstrual height of estrin excretion 
has been refuted by the careful investigation of Gustavson and co- 
workers,” who showed that as early as 5 days after the onset of men- 
struation a peak in estrin excretion curve can be found. This demon- 
strated that more data on the normal menstrual cycle of women are 
needed in order to establish the correlationship between the excretion 
of gonadotropic and estrogenic hormones. We have examined the 
urine of 3 healthy women during a complete menstrual cycle for 
gonadotropic and estrogenic substances and wish to report briefly on 
the results: 

Method. Twenty-four-hour specimens of urine were collected 
from 3 women between the ages of 20 to 30 who by careful history 
did not show any evidence of menstrual disorders. In all 3 women 
menarche set in between 11 and 13 years, and menstruation occurred 
every 28 days, lasting from 4 to 6 days. There was no excessive 
flow, no menstrual pain or premenstrual tension. The specimens were 
kept on ice during collection and were assayed every 48 hours. 
Urinary gonadotropins were determined by the method of Levin and 


1D’Amour, F. E., Funk, D., and Liverman, H., Am. J. Obst. and Gynec., 1939, 
37, 940. 

2 Gustavson, R. G., Mason, L. W., Hays, E. E., Wood, T. R., and D’Amour, F. E., 
Am. J. Obst. and Gynec., 1938, 35, 115. 
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Tyndale,’ using the uterine weight of immature mice as indicators. 
After precipitation with tannic acid had been completed, the remain- 
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Curves of daily excretion of urinary gonadotropins and estrogens during the 
normal menstrual cycle. 


3 Levin, L., and Tyndale, H. H., Endocrinology, 1937, 21, 619. 
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ing urine was acidified, hydrolized, and extracted with benzene, fol- 
lowing the method of Smith and Smith.t The residue was dissolved 
in glycocol propionate and injected into immature white mice follow- 
ing the suggestion of Lauson, Heller, Golden and Sevringhaus.° 
We have repeatedly convinced ourselves that the tannic acid pre- 
cipitates were free of any estrogenic substance. 

Results. The curves depicting the cyclic excretion of estrogen and 
gonadotropin are pictured in Fig. 1. It appears that 1 to 3 peaks of 
prolan excretion may occur in a single cycle. The excretion of estrin 
either parallels or in some instances precedes the prolan excretion. 
Two distinct peaks have been observed in all our cases. In Patient 
D they were so close to each other that a separation may seem arbi- 
trary. If we wish to deduce from the appearance of the hormone 
levels in the urine the time and incidence of ovulation, we must agree 
with Gustavson’s statement that “the time of ovulation may vary 
considerably in different individuals, and that the corpus luteum may 
require varying periods of time to reach its full development and 
activity.” 
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Non-Identity of Gray Hair Produced by Mineral Deficiency and 
Vitamin Deficiency. 


AuFrep H. Free. (Introduced by Victor C. Myers. ) 


From the Department of Biochemistry, School of Medicine, Western Reserve 
University, Cleveland. 


The recent recognition of a specific organic food factor’? neces- 
sary for the maintenance of the black fur of black or piebald rats has 
raised the question as to whether the phenomenon of graying noted by 
older workers**** particularly in rats on an exclusive milk diet is 
due to this cause or is due to a specific mineral deficiency. Jukes and 


4 Smith, G. V., and Smith, O. W., Am. J. Physiol., 1935, 112, 340. 

5 Lauson, H. D., Heller, C. G., Golden, J. B., and Sevringhaus, E. L., Endo- 
crinology, 1939, 24, 35. 

1 Morgan, A. F., Cook, B. B., and Davison, H. G., J. Nutrition, 1938, 15, 27. 

2 Lunde, G., and Kringstad, Z. physiol. Chem., 1938, 257, 201. 

3 Hartwell, G. A., Biochem. J., 1923, 17, 547. 

4 Kiel, H. L., and Nelson, V. E., J. Biol. Chem., 1931, 98, 49. 

5 Gyorgy, P., Biochem. J., 1935, 29, 741. 

6 Gorter, F. J., Z. Vitaminforsch., 1935, 4, 277. 
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Richardson’ have pointed out that milk is not a good source of filtrate 
fraction vitamins. é 
The black fur of young piebald rats fed an exclusive diet of either 
powdered whole milk or of fresh certified milk rapidly and uniformly 
became gray. Addition of a supplement of 0.25 mg of iron, 0.05 mg 
of copper and 0.05 mg of manganese cured the grayness if it had 
developed or prevented any change in the color of the fur of rats 
which were fed milk with the above mineral supplements from the 
time of weaning. Attempts to ascertain which of the 3 metals is 
responsible have not at present yielded entirely conclusive results. 
Rats developing a nutritional anemia show a marked diminution 
of appetite and the possibility exists that the graying of rats may 
be due to a diminished intake of vitamin accompanying the reduced 
intake of the vitamin-poor milk. This has been disproven since in 2 
groups of rats fed isocaloric amounts of milk, those supplemented 
with iron, copper and manganese did not develop grayness whereas 
those fed milk alone became quite gray. It has also been found that 
rats that have developed grayness will become black when supplement- 
ed with the above minerals whereas the isocaloric controls without 
minerals remain gray. Rats, following the production of gray hair by 
a milk diet, when supplemented with a rice bran extract* rich in the 
factors of the B complex very slowly regained their black color. 
However, control rats fed equal quantities of the ashed rice bran 
extract likewise slowly became black. Hemoglobin regeneration 
slowly occurred in both the rats receiving rice bran and in the rats 
receiving rice bran ash. This indicates that the effect with milk-fed 
gray rats is entirely due to inorganic substances in the preparation. 
Rats fed a synthetic diet consisting of purified casein, cane sugar, 
butter, salt mixture, cod liver oil, and supplements of synthetic vita- 
mins B,, Be, and riboflavint developed gray hair. The hemoglobin 
level in these rats was normal. Iron, copper, and manganese supple- 
ments in no way altered the response of these animals. However, 
rice bran extract in the same amount used above was effective in the 
cure of these animals. With the vitamin-deficient animals the ash of 
the rice bran was without effect. Rats given a daily ration of 50 cc 
of milk plus 1 g of the synthetic diet showed no graying or were 
cured when placed on such a diet after production of the gray hair 
either by mineral or vitamin deficiency. 
All of the present evidence based on experiments with approxi- 


7 Jukes, T. H., and Richardson, G. A., J. Agr. Res., 1938, 57, 603. 
* Obtained through the courtesy of Dr. Paul Gyérgy. 
t Kindly supplied by Merck and Co., Inc., Rahway, New Jersey. 
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mately 50 rats seems to indicate that graying of black hair in rats 
may result from a deficiency of a factor or factors present in the 
vitamin B complex and may also result from a deficiency of iron, 
copper, and manganese. 
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Effects of Testosterone Propionate on Female Roller Canaries 
under Complete Song Isolation. 


FrANcIS MarsH BALDWIN, Howarp SIDNEY GOLDIN AND 
MILTON METFESSEL. 


From the Physiological and Psychological Laboratories, University of Southern 
California, Los Angeles, Calif. 


It is commonly assumed that secondary sexual characteristics are 
conditioned by the secretions of the respective gonads of each sex. 
Singing in canaries is normally limited to the male of the species and 
so may be considered as a male secondary sexual characteristic. 

Baldwin and Goldin’ indicated that when testosterone propionate 
was administered to the female viviparous teleost, Xiphophorus 
helleri Heckel, the male secondary sexual characteristics were in- 
duced in all cases. Noble and Wurm’ treated adult females and im- 
matures of both sexes of the black-crowned night heron, and pro- 
duced male sexual behavior. They concluded that the differences 
between the sexual behavior of adults of this form seem to be regu- 
lated only by proportionate differences in the amounts of male hor- 
mone normally found in these birds. Allee and Collias* reported 
crowing in hens treated with testosterone propionate, and cessation 
of this crowing soon after the treatment was stopped, indicating the 
dependence of this behavior on the male hormone. 

Leonard‘ treated female roller canaries with testosterone propionate 
and reported that they produced song that differed from normal male 
song only in the greater sound volume produced by the males. He 
also stated that his best results were obtained when the females were 
“isolated” by putting them in individual cages but keeping them in 


1 Baldwin, F. M., and Goldin, H. S., Proc. Soc. Exp. Biot. anp Mep., 1939, 
42, 813. 
2 Noble, G. K., and Wurm, M., Anat. Rec., 1938, 72, Sup. 1, 60. 
+3 Allee, W. C., and Collias, N., Anat. Rec., 1938, 72, Sup. 1, 60. 
4 Leonard, S. L., Proc. Soc. Exp. Brot. AND Mep., 1939, 41, 229. 
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the same room.* Shoemaker® likewise induced song in treated fe-7 
male canaries, and observed ‘that the failure of these birds to tread 
receptive females may reflect the lack in testosterone propionate of 
the capacity to imitate the complete chain of events caused by the 
normal testicular hormone, and not to a lack in the nervous system, as 
two untreated females were observed to copulate like males. 

From a behavior standpoint, Lashley® indicated that in the rat, 
hormone action seems to activate some central nervous mechanism 
to maintain excitability or activity. Moore’ made observations on 
castrated and transplanted rats that showed the transforming power 
of the gonads of one sex over the psychic nature of the opposite sex. 
He concluded that this psychic behavior, absolutely distinct in itself, 
lends great weight to the idea of transformed sexual nature. 

Experimental, The canaries used were raised out of doors by a 
local breeder, and were all past one year of age. Each bird was put 
in its own soundproofed, ventilated cage® to preclude any effects of 
song environment in addition to the administration of the testo- 
sterone propionate. These birds were isolated for observation over a 
preliminary period of 2 weeks before administration to assure the 
absence of any song. A crystal microphone was placed in each cage 
and provision made for recording any sound of the birds on alumi- 
num discs. An operator listened to the sounds at a control board in 
another room. As soon as any sounds were heard, samples were re- 
corded. Lights were on in the cages at regular daily intervals cor- 
responding in length to the normal waking hours of the birds. 

Six birds were used in this problem, 4 for treatment with testo- 
sterone propionate, and 2 to act as oil-treated controls. Injections 
were made daily at the same hour, each bird receiving 2.5 mg of 
testosterone propionate per injection. Thirteen subcutaneous in- 
jections in alternate breast regions constituted the extent of the ex- 
perimentation. The controls were given similar treatment with 
sesame oil. 

Results. While the microphones, amplifiers and recording disc 
were in readiness for recordings of the voices and calls of the 
treated birds from the start of the injections, the first song calls in 
any of the treated birds were forthcoming on the twelfth day. The 


* From personal communications with the author, S. L. Leonard. 

5 Shoemaker, H. H., Proc. Soc. Exp. Brou. AND MEp., 1939, 41, 299. 

6 Lashley, K. S., Psycholog. Rev., 1938, 45, 445. 

7 Moore, C. R., J. Exp. Zool., 1919, 28, 137. 

8 Metfessel, M., J. Psychology, 1940, 10, 177. 

+ The male hormone, Oreton, was furnished through the kindness of Dr. Max | 
Gilbert of the Schering Corporation. 
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second bird sang on the thirteenth day, the third bird on the sixteenth 
day, and the fourth bird on the twentieth day. From these data, it 
appears that the average length of time in administration of the hor- 
mone approximates fifteen days to produce song. Three of the 
treated birds gradually developed male-like tours] that were some- 
what of the same pattern and quality, with limited variations. The 
fourth bird showed a song of a varied pattern that followed the same 
sequences when the songs were repeated. The songs developed ex- 
hibit a small repertoire with poor male quality so far, but with voice 
that was definitely male in character. Cessation of treatment re- 
sulted in a return to the ordinary female calls. 

Conclusion. The administration of testosterone propionate to 
normal adult female roller canaries under conditions of complete 
song isolation brings forth male-like song in approximately 15 days 
after first administration, and thus substantiates previous theories.*? 
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Isolation of a Murine Neurotropic Virus by Passage of Monkey 
Poliomyelitis Virus to Cotton Rats and White Mice.* 


Ciaus W. JUNGEBLUT AND Murray SANDERS.t 


From the Department of Bacteriology, Columbia University College of Physicians 
and Surgeons, New York. 


Armstrong*** reported apparent transmission of poliomyelitis 
(Lansing strain) from the monkey to the Eastern cotton rat and to 
white mice. This report deals with attempts to adapt other strains 
of poliomyelitis virus to these rodents. 

Cotton rats (Sigmodon hispidus littoralis) were infected intra- 
cerebrally with 5 recognized strains of monkey poliomyelitis virus 
(RMV, Aycock, Philadelphia, ST Los Angeles, SK New Haven). 
None of the animals injected with the first 4 strains showed any ab- 
normal symptoms. However, of 2 cotton rats injected with the Skt 


q A tour is somewhat analogous to a syllable of language; there are thirteen 
recognized tours in roller canary song. 

* Supported by a grant from the Ph#lip Hanson Hiss, Jr., Memorial Fund. 

+ Fellow in Dermatology. 

1 Armstrong, C., Public Health Reports, 1939, 54, 1719. 

2 Lillie, R. D., and Armstrong, C., Public Health Reports, 1940, 55, 115. 

3 Armstrong, C., Public Health Reports, 1939, 54, 2302. 

t Received in its 11th monkey passage through the courtesy of Dr. John R. Paul. 
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strain 1 died the following day, evidently of trauma; the other one 
succumbed one week later without observed symptoms. No lesions 
were present except a markedly congested brain, sterile upon aerobic 
and anaerobic cultivation. Intracerebral transfer of this brain to 
another cotton rat resulted in mild nervous symptoms within 2 days, 
and death the next day. Further passage of the brain of the second 
cotton rat produced in a third cotton rat flaccid paralysis of both 
hind legs on the 6th day, followed by death 24 hr later. From the 
last 2 cotton rats intracerebral transfers of brain suspensions were 
made to groups of white mice. All injected mice developed complete 
flaccid paralysis of the hind legs, within 3 or 4 days, followed by 
generalized paralysis and death. 

Subsequent attempts to reproduce passage from monkey to cotton 
rats and white mice with the original material were unsuccessful. 
Mouse virus, however, since its isolation, is transmissible from mouse 
to mouse in an unbroken series. At the time of this writing, 7. ¢., 
April 24th, 1940, the virus is in its 23rd passage. Over 2500 
mice have been inoculated; excepting those injected with virus 
known to be inactivated or impotent all mice have developed 
the same characteristic symptoms, with only an occasional recovery, 
to wit: flaccid paralysis (unilateral or bilateral) of hind legs, seldom 
of forelegs, occasional encephalitic syndrome, death. The described 
symptomatology is somewhat similar to that of Theiler’s* spon- 
taneous mouse encephalitis, but the two viruses differ in important 
aspects (degree of virulence, incubation period, routes of infection, 
age factor, latent immunization, serological reactions). Moreover, 
mice from a Theiler-immune colony are not protected against infec- 
tion with the mouse virus. 

Stained brain suspensions from paralyzed mice, when examined 
microscopically, show no characteristic morphological unit. Seeding 
of blood agar, broth or 10% serum broth results in no visible growth 
after prolonged aerobic or anaerobic incubation. However, the in- 
fectious agent passes through V, N and W Berkefeld filters without 
appreciable diminution in virulence. It is completely destroyed by 
heating for % hr at 60°C and by exposure to ultraviolet light for 1 
min, but resists phenol up to 1% concentration. In glycerin it has 
remained viable up to 1 month in the icebox. 

White mice may be successfully infected by any one of the follow- 
ing routes: intracerebral, intranasal, intraperitoneal, intravenous, 
subcutaneous and by feeding. Upon intracerebral injection a con- 
stant potency of 1 :1,000,000 is obtained and an occasional endpoint 


4 Theiler, M., Science, 1934, 80, 122. 
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of 1 :20,000,000. The maximum incubation period has not exceeded 
1 week and may be as short as 48 hr with lower dilutions. Intra- 
peritoneal injection of a dose of 1:1000 of a virus brain suspension 
uniformly produces paralysis within from 3 to 4 days. As early as 
2 hr after introducing the virus into the peritoneal cavity it may be 
recovered from the brain and blood in both of which it persists until 
the terminal stage. Virus concentrations were highest in the brain 
and cord, with the adrenal next. Other organs (spleen and liver) 
carried smaller amounts of the infectious agent. 

The virus fails to induce any symptoms in albino rats, guinea pigs 
and rabbits following repeated injections of large doses by a diver- 
sity of routes. It is easily transferable back to cotton rats, pro- 
ducing regularly paralysis and death in that species. Its patho- 
genicity for monkeys is questionable. Of 10 monkeys injected in- 
tracerebrally with either mouse or cotton rat virus 8 passed through 
a sharp fever cycle; only 5 animals developed weakness of the ex- 
tremities and 2 others slight transitory facial paresis. In no case 
did the symptoms progress to typical spinal paralysis. 

In the brain of paralyzed mice diffuse proliferation of glia cells 
and occasional foci of perivascular cuffing are observed. Severe 
damage occurs in the cord in both anterior horns, extending from 
loss of Nissl substance and irregular nuclear staining to a complete 
breakdown of the nerve cell with subsequent neuronophagia. Micro- 
glial proliferation is widespread at some levels as is perivascular 
infiltration. 

Doses of virus ranging from 1:1,000,000 to 1:100 were tested 
for in vitro inactivation by the following sera: monovalent immune 
sera from monkeys convalescent from infection with RMV, Aycock, 
or SK virus, hyperimmune horse serum (anti-RMV), pooled human 
convalescent serum, normal serum from man, monkey and horse 
and antiviral immune sera against other neurotropic viruses (Theiler- 
mouse encephalitis, equine encephalomyelitis, rabies, St. Louis 
encephalitis, herpes). Normal animal and human sera, as well as 
the other antiviral immune sera, failed to bring about inactivation 
of the virus as its highest effective dilution (1:200,000) ; con- 
valescent Aycock and SK monkey sera and convalescent human 
serum neutralized at slightly lower levels (1:100,000 to 1:50,000). 
Neutralization extending through a virus concentration of 1:1000 
was obtained with the hyperimmune horse serum. RMV monkey 
convalescent serum failed to neutralize. The above data are based 
on results obtained in repeated tests. These immunological reac- 
tions are consistent with those of SK virus in monkeys, which is 
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neutralizable by SK and Aycock antiserum but not by RMV con- 
valescent monkey serum.° A discrepancy exists regarding normal 
human serum which neutralizes SK virus in monkeys but not mouse 
virus in mice (3 sera tested). 

Eight monkeys were immunized with a series of subcutaneous 
injections of live mouse virus and then tested for cross-immunity 
by intracerebral injection with 3 different strains of virulent monkey 
poliomyelitis virus. The results of this experiment were as 
follows: Three immunized monkeys, subsequently infected with 
the homologous virus, SK, remained free from paralysis of 
the extremities; none of the other 5 immunized monkeys, subse- 
quently infected with the heterologous strains (Aycock and RMV), 
escaped the disease. An equal number of controls, infected with the 
same virus strains, developed typical poliomyelitis. . Neutralization 
tests with monkey sera obtained at the end of immunization showed 
various titers of mouse virus neutralizing antibodies; in 6 instances. 
neutralization was obtained in monkey tests against SK, Aycock, 
and RMV virus (3 with SK, 2 with Aycock, 1 with RMV). 

In its 6th mouse passage the virus was cultivated in serum- 
ultrafiltrate tissue cultures (Sanders®) containing embryonic mouse 
or guinea pig brain or whole minced chick embryo by transferring 
every 3 days supernatant fluid or whole culture emulsion. The 6th 
serial passage of embryonic mouse brain cultures produced typical 
symptoms and death in mice following injection up to 1 :10,000,000 
dilution of the supernatant culture fluid. Similar passages of guinea 
pig brain cultures titrated up to 1:10,000. Only traces of virus 
were recovered from the chick embryo cultures. 


5 Trask, J. D., Paul, J. R., and Vignec, A. J., Proc. Soc. Exp. Biot. aND MeEp., 


1939, 41, 241. 
6 sanders M., J. Hup. Med., 1940, 71, 113. 
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Experimental Arthritis in the Albino Rat Produced by a Group 
A Hemolytic Streptococcus.* 


SiwNEY RoTHBarp. (Introduced by E. L. Opie.) 


From the Department of Pathology, Cornell University Medical College, New 
York City. 


Collier* described a spontaneous polyarthritis in rats from which 
no microorganism was cultivated. However, bacteriologically sterile 
organs produced the disease on reinoculation into other rats. Rhodes 
and van Rooyen’ reported a similar disease in rats from which no 
bacteria were recovered by aerobic or anaerobic methods. Findlay, 
Mackenzie, MacCallum and Klieneberger® also described a spon- 
taneous, infectious arthritis in rats, but they were able to isolate a 
pleuropneumonia-like organism (L7) in pure culture which repro- 
duced the arthritis when injected into other rats. Recently Watson* 
has shown that an acute purulent arthritis can be produced in mice 
after injections of several strains of hemolytic streptococci. 

Because of the interest aroused in this subject by these reports and 
because a review of the literature reveals no account of the disease in 
rats due to the streptococcus, it seems advisable to report the produc- 
tion of an acute polyarthritis in the albino rat by the intravenous 
injection of a hemolytic streptococcus recently isolated from the 
blood stream of a patient with septicemia. 

The streptococcus was of the “matt” variety, Group A and of an 
unclassified type.t 0.5 cc of an 18-hour broth culture when injected 
intravenously produced arthritis in 100% of rats weighing from 70 
to 100 g while a smaller dose (0.1 cc) produced it in approximately 
70% of the animals. 

The arthritis appears as early as 48 hours after inoculation. It is 
multiple in character and new joints develop in succession for 8 days 
after inoculation. Ina few instances the swelling in some joints has 
decreased during the period of observation while other joints are 


* Supported by a grant from the John and Mary R. Markle and the Ophthal- 
mological Foundations. 

1 Collier, W. A., Geneesk. Tijdschr. Ned.-Ind., 1938, 78, 2845. 

2 Rhodes, A. J., and van Rooyen, C. E., J. Path. and Bact., 1939, 49, 577. 

3 Findlay, G. M., Mackenzie, R. D., MacCallum, F. O., and Kteneberger, E., 
Lancet, 1939, 2, 7. 

4 Watson, R. F., personal communication, 1940. 

+ Grouped by R. C. Lancefield of the Hospital of the Rockefeller Institute for 
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becoming involved. The diseased joints are swollen, dusky red in 
color, hot and painful to palpation. (Fig. 1.) In some animals 
as many as 8 different joints develop arthritis. The ankle joint is 1n- 
volved most often, the wrist next in frequency and then the tarsal 
and carpal interphalangeals. Many of the joints healed completely, 
but others have progressed, and the arthritis has been present for 8 
weeks after inoculation. The rats move about with difficulty, drag 
their hind limbs and appear ill, but as a rule, do not succumb to the 
infection. 

Gross and microscopic examinations have been made up to 7 
days after onset of the disease. At this period the joint is enlarged, 
the periarticular tissues are oedematous and have a mucinous con- 
sistency. The synovial membrane is grey yellow in color and cov- 
ered with a gelatinous exudate. The synovial fluid is in slight excess, 
viscid and opaque, but not purulent. The cellular content of the 


IME Ike 
Comparison between the ankle joints of a rat with arthritis 7 days after the 


intravenous injection of 0.5 ce of hemolytic streptococci (A) and those of a normal 
vat (B). 
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exudate shows on an average, 65% polymorphonuclear leukocytes 
and 35% round cells. Streptococci are demonstrable in smears of 
the synovial fluid and are cultured without difficulty. These or- 
ganisms, when reinjected into other rats, reproduce the disease. The 
cartilage and bone show no changes at this stage. Heart blood cul- 
tures are positive for 5 days after the intravenous injection. In 5 
instances an acute purulent endophthalmitis involving one eye was 
found. 

Microscopically, the periarticular tissues are oedematous with 
separation of the muscle fibres and fascia. Fibrin and pink-staining 
fluid are present in the interstitial spaces. The tissues are infiltrated 
with polymorphonuclear leukocytes which are found in focal col- 
lections in some areas, a few monocytes and an occasional lympho- 
cyte. The subsynovial fat shows the same type of cellular reaction 
that is present in the periarticular tissue. The most conspicuous 
inflammatory reaction appears in the synovial villi. In some areas 
the synovial membrane is absent, but in others there is evidence of 
proliferation of synovial cells. The joint cavities contain considerable 
cellular debris, fibrin, polymorphonuclear leukocytes and round cells. 

A more detailed study of this experimental disease is now in 
progress. 

Summary. An acute multiple arthritis has been produced in 45 
of 51 albino rats by the intravenous injection of a Group A hemo- 
lytic streptococcus. In the eyes of 5 rats, an acute monocular 
purulent endophthalmitis was present. 


The author wishes to thank Dr. D. M. Angevine for his assist- 
ance in this work. 
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Availability of Glucose for Human Brain Oxidations.* 


JosepH WortTIs AND WALTER GOLDFARB. 


From the Division of Psychiatry, Bellevue Hospital, and the Department of 
Psychiatry, New York University Medical College, New York City. 


The ready availability of glucose for brain tissue oxidations has 
been demonstrated both in the Warburg apparatus (Warburg, Pose- 
ner and Negelein') and in the intact organism (Himwich and 
Nahum,”? Lennox*) Damashek, Myerson and Stephenson* have 
shown that when the human brain is deprived of this foodstuff 
during insulin hypoglycemia the oxygen uptake of the brain is 
correspondingly diminished, and Himwich, Bowman, Wortis and 
Fazekas’ have shown that in the deep coma associated with thera- 
peutic insulin shock brain metabolism approaches zero. Under these 
conditions in humans the brain potentials have been found to be 
diminished (Hoagland, Rubin and Cameron®) and typical neurologic 
signs appear. Clinical coma, neurologic signs and the characteristic 
brain potential changes all disappear after glucose administration. 
The increased oxygen uptake by the brain after glucose administra- 
tion had already been demonstrated in dogs (Himwich, et al.,"), 
and in humans the neurological signs are alleviated by the adminis- 
tration of as little as 4 g of glucose (Himwich, Frostig, et al.*) 

In the course of our investigations of the availability of various 
food substrates for brain metabolism (Wortis and Goldfarb’) we 
have undertaken to establish the metabolic response of the brain to 
small doses of glucose administered intravenously to schizophrenic 


* Aided by a grant from the Havelock Ellis Fund for Psychiatric Research. 

1 Warburg, O., Posener, K., and Negelein, E., Biochem. Z., 1924, 152, 309. 

2 Himwich, H. E., and Nahum, L. H., Am. J. Physiol., 1930, 90, 389. 

3 Lennox, W. G., Arch. Neurol. Psych., 1931, 26, 719. 

4 Damashek, W., Myerson, A., and Stephenson, C., Arch. Neurol. and Psychiat., 
1935, 33, 1. 

5 Himwich, H. E., Bowman, K. M., Wortis, J., and Fazekas, J. F., J. Nervous 
and Mental Disease, 1939, 273. 

6 Hoagland, H., Rubin, M. A., and Cameron, D. E., Am. J. Physiol., 1937, 
120, 559. 

7 Himwich, H. E., and Fazekas, J. F., Endocrinol., 1937, 21, 800. 

8 Himwich, H. E., Frostig, J. P., Fazekas, J. F., and Hadidian, Z., Am. J. 
Psychiat., 1939, 96, 371. 

9 Wortis, J., and Goldfarb, W., Science, 1940, 91, 270. 
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subjects during therapeutic insulin shock, to serve as a basis of com- 
parison for the availability of other substrates for brain oxidations. 

Experimental. The cerebral metabolism was estimated from the 
arterio-venous differences of O:, CO:, and glucose. The arterial 
blood was obtained from either the brachial or femoral arteries, and 
the venous blood was sampled from the internal jugular vein using 
the technic described by Myerson, et al.*° The blood samples were 
analyzed for O,, CO, (Van Slyke and Neill’), and glucose (Folin 
and Wu”). The velocity of circulation in the peripheral vascular 
system was estimated with the method of Robb and Weiss.** The 
metabolism of the brain was estimated after the patients were in 
hypoglycemic coma, and again at various intervals after the admin- 
istration of 4 g of glucose intravenously. The latter dose was chosen 
after some preliminary trial as the minimum amount required to 
rouse the patients. At the end of the experiment the patients were 
given the usual large amount of glucose to terminate the treatment. 

The summary of data is presented in Table I. In 15 patients the 
administration of 4 g of glucose intravenously was sufficient to 
promptly rouse the patients from coma. In 13 experiments the 

TABLE I. 


Effect of 4 Grams of Glucose Intravenously on Cerebral Metabolism of Schizo- 
phrenic Patients in Coma. 


Volume % oxygen Glucose 
Exp. Min. after - a=3y SSS Cire. 
No. glucose Art. Ven. Diff. Art... Ven: Time 
1 10 19.4 15.8 3.6 11 
2 5 19.8 13.2 6.6 
3 5 17.9 15.1 2.8 57 57 10 
4 9 21.4 13.1 8.3 14 
5 5 18.1 8.4 9.6 48 40 12 
6 4 19.0 12.3 6.7 
i 4 21.8 14.1 eH 56 43 15 
8 5 20.5 15.9 4.6 69 68 10 
9 5 19,2 14.4 4.8 47 43 10 
10 6 22.4 15.9 6.5 53 47 10 
11 5 20.9 16.1 4.8 
12 5 19.6 14.4 5.2 
13 4 17.1 13.1 4.0 56 62 16 
14 4 19.0 16.0 3.0 2 30 
15 4 20.9 17.2 3.7 42 49 
Avg 19.8 14.3 5.46 50 49 12.0 
Avg of 60 cases in insulin 
coma 19.6 16.7 2.9 23 21 11.8 
10 Myerson, A., Halloran, R. D., Hirsch, H. L., Arch. Neurol. and Psychiat., 1927, 
17, 807. 


11 Van Slyke, D. D., and Neill, J. M., J. Biol. Chem., 1924, 51, 523. 
12 Folin, O., and Wu, H., J. Biol. Chem., 1920, 41, 367. 
13 Robb, G. P., and Weiss, 8., Am, Heart J., 1932-3, 8, 650. 
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oxygen uptake of the brain was increased significantly above the 
average of a large control series, the average changing from 2.9 
volumes % to 5.46 volumes % after glucose administrations. During 
coma the arterial glucose averaged 23 mg % and the venous sugar 21 
mg %. After glucose administration the values were 50 and 49 mg 
% respectively. The circulation time revealed no change. 

The estimation of brain metabolism in these experiments was 
based on the differences between the concentrations of various sub- 
stances in the arterial and venous blood. We are in agreement with 
other investigators that this method does not measure the total 
metabolism of the brain, and that the observations are affected by 
changes in blood flow ; Abramson, et al.,* have observed an increased 
blood flow in the extremities of patients receiving insulin therapy for 
schizophrenia, and the authors concluded that the evidence strongly 
suggested that there was an increased blood flow through the brain. 
They believe that the reduced oxygen uptake found in insulin hypo- 
glycemic coma may be attributable to this possibly increased blood 
flow through the brain. Abramson’s observations, however, in 
contrast to ours, were made less than 2 hours after insulin injection, 
preceding the onset of coma. Moreover, it is well known that blood 
flow through the brain may vary independently of the blood flow in 
the periphery, and is principally controlled by the arterial blood 
pressure. The latter gradually falls if the hypoglycemia is not asso- 
ciated with convulsive seizures. Direct observation of blood flow 
during insulin hypoglycemia in rabbits reveals no significant changes 
unless convulsions occur (Leibel and Hall*®). In humans a gradual 
decrease in brain blood flow occurs during insulin hypoglycemia 
(Loman and Myerson**). Such a decrease in blood flow indicates 
that there is probably an even greater diminution of brain metabolism 
than the diminished arterio-venous oxygen differences recorded by 
Himwich, Bowman, Wortis and Fazekas’” would indicate. It will 
be noted that the arterio-venous difference for glucose did not return 
to normal values with the return to a normal oxygen difference. This 
apparent discrepancy can probably be explained on the assumption 
that the glucose administered is rapidly absorbed by the tissues, in- 
cluding the brain tissue, and that its subsequent utilization within the 
cell is not accompanied by any further removal of glucose from the 


14 Abramson, D. I., Schesloven, N., Margolis, M. N., and Mirsky, I. A., Am. J. 
Physiot., 1939, 128, 124. 

15 Leibel, B. S., and Hall, G. E., Proc. Soc. Exp. Bron. anp Mup., 1938, 38, 894. 

16 Loman, J., and Myerson, A., Am. J. Psychiat., 1936, 92, 791. 

17 Wortis, J.. Bowman, K. M., Goldfarb, W., Fazekas, J. F., and Himwich, H. E., 
Am. J. Physiol., 1940, in press. 
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blood. Since there is no comparable intracellular storage of oxygen 
the increased oxygen uptake continues. This supposition is supported 
by reference to blood sugar curves after the administration of 4 g of 
glucose intravenously to patients in insulin coma. These show a 
rapid removal of glucose from the blood, preceding clinical arousal 
(Fig. 1) with a persistence of clinical recovery long after the blood 
glucose ceases to show any further considerable drop. 

The rapid clinical arousal and the rapid increase in oxygen uptake, 
however, again confirm the ready availability of glucose as a metabolic 
substrate for the human brain, and affords a convenient yardstick 
for comparison with the availability of other foodstuffs for brain 
metabolism during hypoglycemic insulin coma. 

Summary and Conclusions. The availability of glucose for brain 
oxidations in hypoglycemic insulin coma was studied in human pa- 
tients. The intravenous administration of 4 g (in 50% solution) 
invariably aroused the patients and approximately doubled the oxygen 
uptake of the brain. 
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Fie. 1. 

The solid line shows the amount of increase of blood glucose (antebrachial 
vein) following intravenous administration of 4 g of glucose during insulin coma. 
The dotted line shows the amount of rise above fasting levels in the same patients 
on non-treatment days. The comatose patients almost invariably roused in about 
4 minutes. The curves are based on averages of 13 experiments 1n coma, and 7 
experiments outside of coma. 


oy 


os) 
ee) 
ON 


11463 


Presence of a Hitherto Unrecognized Nicotinic Acid Derivative 
in Human Urine.* 


Victor A. NAJJAR AND Rosert W. Woop. (Introduced by L. 
Emmett Holt, Jr.) 


From the Departments of Pediatrics and Physics, Johns Hopkins University, 
Baltimore, Maryland. 


In the course of some studies on the excretion of thiamin in urine 
by means of the thiochrome method, using the procedure of Hen- 
nessy and Cerecedo,* it was noted that treatment of the KCI eluate 
of urine with alkali, even in the absence of ferricyanide, yielded a 
small amount of a substance soluble in butyl alcohol which gave a 
bluish fluorescence with ultraviolet light. This fluorescence could 
be distinguished from that given by thiochrome even with the naked 
eye, being a whitish blue without any tinge of violet. Specimens of 
urine from a large series of normal individuals of various ages were 
found to exhibit such fluorescence in slight degree. A patient re- 
ceiving nicotinic acid therapy, however, was found to excrete it in 
large amount, suggesting that nicotinic acid was the precursor of 
this substance. Following this observation the effect of taking 
nicotinic acid was studied in normal individuals, and it was found 
that a dose of 50 mg of nicotinic acid, given to an adult, produced a 
prompt increase in the excretion of the unknown material. An in- 
crease in its concentration in the urine could be detected within an 
hour, and persisted for 4 to 6 hours. 

We have attempted to identify the unknown urinary constituent 
by studies of the fluorescence of 27 different pyridine derivatives. 
These compounds were dissolved in 25% KCl solution, both with 
and without treatment with alkali; the aqueous solution was then 
extracted with butyl alcohol, the alcoholic extract being tested for 
fluorescence with ultraviolet light. The following substances were 
tested : 


nicotinic acid 
nicotinic acid amide 


* This study was aided by a grant from Mead Johnson and Co., Evansville, Ind. 

1 Hennessy and Cerecedo, J. Am. Chem. Soc., 1939, 61, 179. 

t Most of these compounds were furnished us though the courtesy of Dr. 
Charles E. Bills. Dr. William A. Perlzweig was kind enough to supply us with 
samples of trigonelline and nicotinuric acid, and Dr. Erie G. Ball with the sample 


of diphosphopyridine nucleotide; the vitamin Bg hydrochloride was furnished by 
Merck and Company. 
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nicotinurie acid 

diphosphopyridine nucleotide 

vitamin Bg hydrochloride 

dinicotinie acid 

alpha picoline 

alpha picoline methiodide 

beta picoline 

5,6-dichlor-nicotinie acid 

trigonelline 

5-amino-nicotinie acid 

3,5-diamino-2,6-dimethyl pyridine 

2,6-dimethyl pyridine 

2,6-dimethyl pyridine hydrochloride 

2,6-dimethyl dinicotinie acid (K salt) 

diurethyl lutidine (3,5-diurethyl-2,6-dimethyl pyridine) 

pyridine 2,3,5,6-tetracarboxylie acid 

2,4,6-trimethyl dinicotinie acid (K salt) 

1,4-dihydro-, 3,5-dicarbethoxy-, 2,4,6-trimethyl pyridine 

1,4-dihydro-, 3,5-dicarbethoxy-, 2,6-dimethyl pyridine 

3,5-dicarbethoxy-, 2,6-dimethyl pyridine 

3,5-dicarbethoxy-, 2,4,6-trimethyl pyridine 

quinoxaline 2-3-dicarboxylice acid 

pyrazine monocarboxylic acid 

pyrazine 2,3-dicarboxylic acid 

2-methyl, 3-hydroxy-quinoxaline 

Most of these compounds gave negative results. Both compounds 
containing a 5-amino substitution in the pyridine ring gave a fluor- 
escence with an indigo blue tint resembling that of thiochrome, rather 
than that of the unknown; alkali was not needed to bring this out. 
Both compounds containing the 1,4 dihydro-, 3,5 dicarbethoxy sub- 
stitutions gave a strong fluorescence, the color in both instances 
showing distinct differences from the unknown—the dimethyl com- 
pound giving a deep blue fluorescence and the trimethyl a violet 
emission; fluorescence appeared without the addition of alkali. The 
3,5 dicarbethoxy dimethyl and trimethyl pyridines gave, also with- 
out alkali addition, a bluish fluorescence somewhat resembling the 
unknown, but the spectra given by these solutions were not identical 
with that of the fluorescent urinary extracts, from which it would 
appear that these compounds were not identical with the unknown. 
Diphosphopyridine nucleotide showed a blue fluorescence similar to 
that of the unknown, which likewise developed only after the addi- 
tion of alkali. The fluorescent spectrum, however, showed marked 
differences from the unknown. Since the fluorescent spectrum of 
diphosphopyridine nucleotide has not, so far as we are aware, been 
studied, it is reproduced herewith. (Fig. 1.) 
None of the compounds tested could, therefore, be identified with 
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Fig. 1. 
Photographs of Fluorescent Spectra. 


Diphosphopyridine nucleotide 


Normal urine 


Urine after taking nicotinic 
acid (highly diluted) 


Mercury lines (from scattered 
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Fig. 2. 
Spectrograms. 


the unknown. An attempt was made to produce the unknown sub- 
stance from nicotinic acid and from nicotinic acid amide in vitro by 
incubating normal urine with these compounds for 24 hours at 37° C. 
This procedure failed to increase the content of the unknown fluor- 
escent material. The possibility that the unknown material might 
be a porphyrin was considered; however, spectroscopic examination 
of the KC1 eluate failed to confirm this. 

Photographs of the fluorescent spectrum were made with eluates 
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of normal urine and urine after nicotinic acid administration, the 
eluates being treated as before with alkali and extracted with butyl 
alcohol. The fluorescent spectra obtained, which are reproduced 
herewith, indicate that the substance present in small amount in 
normal urine is identical with that obtained in larger quantity after 
the ingestion of nicotinic acid. The photographs were taken with a 
small quartz spectrograph. The mercury lines appear faintly super- 
imposed on the spectrum as the result of Rayleigh scattering of the 
solvent. 

A number of observations were made upon the stability and 
differential solubility of the unknown substance. Boiling destroys 
the substance, more rapidly in the presence of alkali. At room 
temperatures it is destroyed slowly in alkaline solution and slowly 
by K,Fe (CN).. The fluorescence of the butyl alcohol extract is 
readily destroyed by exposure to sunlight, but not by ultraviolet light 
passed through a Wood filter. It is readily extracted from aqueous 
solution by butyl or isobutyl alcohol, but not by amyl alcohol, octyl 
alcohol, chlorbenzene, benzene or chloroform. 

The probability that this substance represents an excretion product 
of nicotinic acid suggests that its measurement may prove of value 
in states of nicotinic acid deficiency in man; one might anticipate 
finding a low value with subnormal excretion foilowing a test dose 
of nicotinic acid. Up to the present we have had no opportunity of 
testing patients with nicotinic acid deficiency. Through the courtesy 
of Dr. C. A. Elvehjem we have tested the urine of a dog with black 
tongue before and after treatment. We were, however, unable to 
identify the unknown fluorescent material in the urine of this animal 
either before or after treatment with nicotinic acid, which suggests 
that the dog may conjugate this substance by a different mechanism 
from that which occurs in man. 

In the hope that others may have an opportunity to apply this 
procedure to pellagrins, it is given in detail: 

To 20 cc urine are added 10 g permutit (“Decalso” 30 mesh) 
in a small separatory funnel; this is shaken for 15 minutes gently. 
The permutit is then washed with 5 portions (30 cc each) of dis- 
tilled water, the washings being discarded. The permutit is then 
dried by suction. Ten cc of a 25% KC1 solution are then added 
and the funnel is shaken well for 15 minutes. The fluid is then 
allowed to drain from the permutit drop by drop the last portion 
being expelled by air. The permutit is washed with 2 to 4 cc of 
KC1 solution which is added to the eluate previously collected. The 
eluate is then divided into two equal portions, to one of which one 
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cc of 15% NaOH is added. Both samples are then shaken immed- 
iately with 13 cc butyl alcohol for 3 minutes. The mixture is then 
centrifuged to separate the butyl alcohol layer and this is treated 
with anhydrous Na,SO, to remove traces of water, and is allowed to 
stand in the dark for 20 minutes. Fluorescence is then determined 
in a Pfaltz and Bauer fluophotometer, the source of light for which 
is a mercury vapor bulb (General Electric, type H3-85 watts) 
shielded by a Wood filter (Jena UG-2), the emitted fluorescence 
being measured after the interposition of a double filter of bright 
bluish green (Jena BG-14) and bright yellow (Jena GG-3). The 
difference in fluorescence between the sample treated with alkali and 
that not so treated represents the fluorescence of the unknown com- 
pound. Comparative quantitative measurements can be obtained 
by comparing the fluorescence with that of a quinine sulfate solution 
containing 10 to 25 weg % in 0.1 normal H.SO,. The daily output 
of the unknown substance in urine of normal adults gives a fluor- 
escence corresponding roughly to 100 »g of quinine sulfate. After 
the ingestion of 50 mg of nicotinic acid, the concentration in urine 
reaches 8 to 10 times its previous value, during the first 4 hours. 
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A Simple Method of Preparing Dried Serum Proteins for 
Therapeutic Use. 


W. Know ton Hatt, Davin E. Faper AND GreorcE M. DECHERD 


From the Departments of Biochemistry and Medicine, School of Medicine, 
Louisiana State University, New Orleans. 


Attempts to preserve serum proteins in a dry form for thera- 
peutic use have been made for a number of years. Flosdorf and 
Mudd’s’ method of preparing “lyophile’’ serum is for the most 
part satisfactory, but requires complicated and expensive spe- 
cial apparatus which was not at our disposal when we began to 
work with dried serum proteins. We therefore found it necessary 
to find or devise some method which could be carried out with 
ordinary laboratory apparatus. After preliminary trials with sev- 
eral other methods, we found the method devised by Hartley? for the 
preparation of dry and lipid-free immune sera to be most suitable, 


1 Flosdorf, E. W., and Mudd, 8., J. Immumnol., 1935, 29, 389. 
2 Hartley, P., Brit. J. Exp. Path., 1925, 6, 181. 
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and we have employed it, with slight modifications of the original 
method, since 1937. 

A mixture consisting of 7 volumes of 95% alcohol and 3 volumes 
of redistilled absolute ether is cooled to —20°C or -18°C. To this 
mixture 1 volume of serum, previously cooled to 4°C, is added drop 
by drop and very slowly, the contents of the container being vigor- 
ously stirred for the entire time. After all the serum has been added, 
the flask is well shaken and allowed to stand for 2 hours. 

The resulting fine white precipitate of serum proteins is filtered 
off on a Buchner funnel and is washed repeatedly with absolute 
ether cooled to —20°C. Since as much alcohol as possible should be 
removed, it is desirable, whenever practical, to use 20 volumes of 
absolute ether for the washings at this stage. The filter paper with 
the protein is placed over sulphuric acid in a vacuum desiccator, 
which is then evacuated to remove the remaining ether. Solid 
carbon dioxide is used to cool the precipitating and washing fluids. 

When this procedure was carried out with small amounts of 
serum (10-20 cc), the protein preparation obtained was in the form 
of a coarse white powder, which was slowly soluble. A solution of 
this preparation was perfectly clear and resembled the original serum 
in appearance. Clear solutions can still be obtained from the dried 
preparations made 2 years ago. 

Three experiments were carried out to test the physiologic prop- 
erties of dried proteins prepared by this method from dog serum. 
(1.) Ten gram portions of dried serum were dissolved in physio- 
logic saline solution by prolonged stirring, after which the solution 
was centrifugalized for 30 minutes at about 3,000 rpm to remove 
any undissolved protein present. It was then filtered through a 
Seitz bacteriological filter and the protein content was checked by 
the colorimetric method of Johnston and Gibson.* Twenty cc of the 
solution (2 g of protein) were injected intravenously into a dog 
after a preliminary temperature observation had been recorded. No 
alterations in temperature were observed in observations made at 
15-minute intervals for several hours after the injection. (2.) The 
experiment was ‘repeated with a different protein solution on another 
dog without ill effects. (3.) A third dog was given 50 cc of solution 
(5 g of protein) representing a combination of 2 other protein prep- 
arations. A transitory temperature elevation of 1°C was observed. 

Experiments were then carried out with human serum proteins 
of appropriate blood type, which were dried, dissolved, Seitz-filtered, 


3 Johnston, G. W., and Gibson, R. B., Am. J. Clin. Path. Tech. Suppl., 1938, 
8, 22. 
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tested for sterility, and injected into a dog. When no reaction was 
observed in the animal, 40 cc of the same solution (4 g of protein) 
was injected intravenously into a patient. There was no apparent 
reaction. 

When serum was used in 500-700 cc portions, some difficulty was 
encountered in the preparation of dried serum proteins due to de- 
naturation of the proteins. The cause of the denaturation is prob- 
ably the difficulty of stirring the larger amount of precipitating 
fluid adequately, as well as difficulties in filtration. If filtration 
is not accomplished very rapidly, the alcohol in the precipitating 
fluid tends to become warm enough to denature the serum proteins. 
These difficulties have not yet been entirely overcome. 

Summary. The method devised by Hartley for the preparation of 
dry and lipid-free immune sera has been adapted to the preparation 
of dried serum proteins in quantity. In spite of some technical 
difficulties, the serum proteins prepared by this method have been 
injected into dogs and into a single human subject without serious 
reactions. 
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Resistance of Human Spermatozoa in vitro to Sulfanilamide 
and Sulfapyridine. 


LanpruM B. SHeEtTTLEs* (Introduced by N. J. Eastman) 
From the Department of Obstetrics, The Johns Hopkins University and Hospital. 


Jaubert and Motz’ studied the effect of sulfanilamide on sperma- 
togenesis in 23 men suffering from gonorrhea. They noted a re- 
duction in both the number and vitality of the spermatozoa, with 
their complete immobilization in some instances. Marion, Barbel- 
lion, and Torres,” observed that small oral doses of sulfanilamide 
caused a decrease in the number and motility, and an increase in 
the abnormal forms, in the spermatozoa of 69% of their patients. 
Vigoni* found the same changes in men treated by urethral irriga- 
tion with sulfanilamide, 2 of his patients actually developing azoo- 
spermia. 


* Fellow, National Committee on Maternal Health. 

1 Jaubert, A., and Motz, C., Presse méd., 1938, 46, 237. 

° Marion, Barbellion and Torres, Bull. Soc. fran. d’urol., May 16, 1938: 
3 Vigoni, M., J. Belge d’urol., 1938, 11, 375. 
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On the other hand, Heckel and Hori! found no noteworthy effects 
on spermatogenesis in 11 normal patients given sulfanilamide. 
Levaditi and Vaisman’”, as well as Palazzoli, Nitti, Bonet, and Levin- 
son,° observed little effect from sulfanilamide on spermatogenesis in 
experiments with mice, rats and rabbits. 

Since all of the work referred to was carried out in vivo, and 
as far as the author is aware, no experiments have been made on the 
in vitro effect of sulfanilamide on spermatozoa, the following studies 
were conducted on the effect of sulfanilamide and sulfapyridine as 
well. 

Materials and Methods: The seminal specimens studied in these 
experiments were of varying freshness. They were furnished by 
20 donors ranging from 17 to 51 years. Approximately 0.01 ml of 
semen was thoroughly mixed with 1 ml of Baker’s’ fluid? containing 
either sulfanilamide or sulfapyridine in concentrations of 5 to 160 
mg % ; the specimens thus mixed were kept both at 22°C (approxi- 
mately) and body temperature. Control tests were conducted with 
the same amount of semen in Baker’s fluid alone, also kept at the 
2 temperatures. Sulfanilamide and sulfapyridine were also added 
to 1 ml of undiluted semen in a number of experiments, in an 
amount sufficient to give maximum concentration at the respective 
temperatures, undiluted semen alone being used as a control. Ob- 
servations were made at frequent intervals, particularly toward the 
end of an experiment, so that the time of cessation of all move- 
ment could be accurately ascertained. Depression slides were used 
and while observations were not being made, they were kept in 
closed petri dishes, to prevent evaporation. The results obtained 
are presented in Tables I, II. 

Results: The tables demonstrate no correlation between the age 
of the donor and the length of survival of the spermatozoa. There 
was marked individual variation in the duration of motility among 
different specimens, but the average time of survival at room 
temperature (9.4 hours) was considerably longer than at body 
temperature (3.5 hours). It can also be seen that the survival time 
of spermatozoa in various concentrations of sulfanilamide and sul- 


4 Heckel, N. J., and Hori, C. G., Am. J. Med. Sci., 1939, 198, 347. 

5 Levaditi, C., and Vaisman, A., Compt. rend. Soc. de biol., 1938, 128, 352. 

6 Palazzoli, M., Nitti, F., Bonet, D., and Levinson, M., Compt. rend. Soc. de 
biol., 1938, 128, 261. 

7 Baker, J. B., J. Hyg., 1931, 31, 309. 

+ The composition of Baker’s fluid is as follows: water, 1000 ml; glucose, 
30.9 g; NagHPO, . 12 H20, 6.0 g; NaCl, 2.0 g; KH2POq, 0.1 g. 
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fapyridine at both room and body temperatures was essentially the 
same as that of the respective controls. Neither the age of the speci- 
men nor donor altered either susceptibility or resistance to these 
drugs. The results were equally negative if the sulfanilamide and 
sulfapyridine were added to Baker’s solution plus semen or to un- 
diluted semen. 

Since an im vitro concentration of as much as 160 mg % was 
used, these results gain added significance when it is recalled that 
the maximum tissue fluid concentration of sulfanilamide achieved 
clinically is about 15 mg % and that of sulfapyridine about 
10 mg %. 

Summary: In vitro concentrations of sulfanilamide and sulfa- 
pyridine well above the tissue concentration achieved by therapeutic 
doses, do not affect the survival or activity of human spermatozoa. 
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A New Salmonella Type Isolated from Apparently Normal 
Hogs.* 


P. R. Epwarps, D. W. BruNER anp H. L. Rustin 


From the Department of Animal Pathology, Kentucky Agricultural Experiment 
Station, and Department of Bacteriology, University of Kentucky, Lexington, Ky. 


In a study of the mesenteric lymph glands of apparently normal 
hogs in Uruguay, Hormaeche and Salsamendi* isolated numerous 
Salmonella types. In a repetition of this work Rubin? found that 
Salmonella strains could be isolated frequently from the mesenteric 
lymph glands of apparently normal hogs slaughtered at an abattoir 
in Kentucky. The purpose of the present paper is to describe a 
hitherto unrecognized Salmonella type encountered in these hogs. 
The organism is designated as Salmonella lexington. 

Methods—Two mesenteric lymph glands were removed from each 
hog after the internal organs had been inspected. Lymph glands 
from 25 hogs were placed in a sterile container, taken to the labora- 


* The investigation reported in this paper is in connection with a project of the 
Kentucky Agricultural Experiment Station and is published by permission of the 


Director. 
1 Hormaeche, E., and Salsamendi, R., Arch. Urug. Med., Cir. y Espec., 1939, 14, 


375. 
2 Rubin, H. L., unpublished data. 
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tory and thoroughly ground with sand in a sterile mortar. To the 
ground mass was added 30 cc of sterile saline and 1 cc of the mix- 
ture was placed in each of 3 tubes of the tetrathionate enrichment 
medium of Kauffmann.2 After overnight incubation the enrich- 
ment medium was plated on brilliant green agar. Salmonella-like 
colonies which developed on the plates were examined serologically 
and their position in the Kauffmann-White classification determined. 
The methods used in the serological tests were those employed by 
Edwards.* 

Results—In the particular lot of glands from which the new 
type was isolated 3 Salmonella species were found. In addition to 
S. lexington, S. derby and S. bareilly were also present. 

The microorganism was a motile rod which possessed the usual 
biochemical and tinctoral properties attributed to the genus Salmon- 
ella. It produced acid and gas from arabinose, dulcitol, glucose, 
inositol, mannitol, rhamnose, sorbitol, trehalose and xylose. Adoni- 
tol, lactose, salicin and sucrose were not attacked. Hydrogen sulfide 
was produced from 2% peptone water. 

Examination of the somatic antigens of S. lexington revealed that 
it belonged to group E of the Kauffmann-White classification. 
Alcoholized suspensions were agglutinated to the titre of S. nyborg 
antiserum and absorption of the serum with S. lexington removed 
all somatic agglutinins for the homologous strain. The somatic 
antigens of S. lexington are III X XXVI 

When the flagellar antigens of S. lexington were examined it 
was found that the organism was diphasic and displaved specific- 
non-specific phase variation. The specific phase was flocculated to 
the titre of serum derived from the alpha phase of S. glostrup, but 
was not affected by serums derived from the other antigens repre- 
sented in the Kauffmann-White classification. Absorption of S. 
glostrup alpha serum with the specific phase of S. lexington removed 
all flocculating agglutinins for the homologous strain. The antigen 
of the specific phase of the organism is Zo. 

The nonspecific phase of S. lexington was agglutinated by serums 
derived from all the nonspecific phases of the Kauffmann-White 
schema. It was then tested with absorbed serums containing the fac- 
tors 2, 3, 5, 6 and 7, respectively. Agglutination occurred only in the 
presence of factors 3 and 5. When antiserum derived from the non- 
specific phase of S. choleraesuis was absorbed with the nonspecific 
phase of S. lexington residual agglutinins amounting to less than 


3 Kauffmann, F., Z. f. Hyg., 1935, 117, 26. 
4 Edwards, P. R., J. Bact., 1936, $2, 259. 
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2% of the original titre were left for the homologous strain. The 
nonspecific antigens of S. lexington are 1,5... 

Summary: A new Salmonella type, Salmonella lexington, is de- 
scribed. It was isolated from the mesenteric lymph glands of 
apparently normal hogs. The organism is represented by the anti- 
Genie dormula Lit X XOXCY Lez, 9 he, 
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Mineral Distribution in Some Nerve Cells and Fibers.* 


Gorpbon H. Scott 


From the Department of Anatomy, Washington University School of Medicine, 
St. Louis. 


It is known from examination of many types of tissue that Mg 
and Ca, as revealed by the electron microscope, is located in areas 
which show white ash following microincineration. In nerve tissue 
certain difficulties have hampered a direct study of Ca and Mg by 
means of the electron microscope. Some of the findings in in- 
cinerated sections of frog sciatic and sympathetic ganglia are be- 
lieved to be of significance although we have not been able to identify 
the salts as clearly as is desirable. 

When sections of frozen and dehydrated (Scott and Packer’) 
frog sciatic are carefully incinerated and examined by dark field 
(Scott?) the large myelinated fibers at the periphery of the nerve 
leave residues of white ash probably consisting largely of Ca and 
Mg. The ash is clearly the remains of the myelin sheath as it 
corresponds almost exactly with stained preparations of the same 
nerve taken a few levels either above or below. The point to empha- 
size, however, is that there is no visible residue of any sort in the 
tissue spaces surrounding the nerve fibers. 

In sharp contrast to plentiful mineral in the nerve fibers and 
little if any in the tissue space is the picture obtained when sym- 
pathetic ganglia are incinerated following the same treatment. The 
sympathetic ganglion cells are recognizable by their residue. Nuclear, 
nucleolar and Nissl substance ash is dense and of the variety asso- 
ciated with the presence of Ca and Mg. There is as a general rule 


a Ti 


= Aided by a grant from the Rockefeller Foundation. 
1 Scott and Packer, Anat. Rec., 1939, 74, 17, 31. 
2 Scott, G. H., Am. J. Anat., 1933, 53, 243. 
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a wide band, varying from an eighth to a sixth of the cell diameter, 
of dense white ash concentrated at the periphery of the cell. The 
tissue spaces immediately about the ganglion cells are filled with 
mineral residue not unlike, in quality and quantity, that seen in the 
neurones. 

It seems evident from these observations that like conditions of 
surrounding medium do not obtain in nerve fibers of the frog 
sciatic and in the cells of the sympathetic ganglia of the same animal. 
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Direct Action of Estrone on the Mammary Gland. 


Wm. R. Lyons AND Y. SAKO 


From the Division of Anatomy, University of California Medical School. 


Within the past decade, the hormonal control of mammary growth 
has been greatly clarified due to the availability of : (1) pure estro- 
genic compounds which by themselves cause growth of the nipple 
and ducts as well as a slight degree of alveolar development, (2) 
progesterone which in proper combination with estrone (or other 
estrins) causes complete lobular development such as occurs in 
pregnancy, and (3) mammotropin, the pituitary lactogenic hormone 
which causes functional growth and lactation in the alveoli or milk- 
secreting units in glands developed by estrin or estrin-progestin. 

According to some investigators, the mammary glands of hypo- 
physectomized animals do not respond as well (or at all) to estrin, 
and for this reason, Turner and co-workers * have proposed that 
the sex hormones merely stimulate the pituitary which in turn 
secretes 2 mammary-stimulating substances, mammogen I which 
induces duct development and mammogen II causing lobule-alveolar 
growth. These investigators have extracted a fat-soluble substance 
from the pituitary, which they identify with mammogen I because 
it causes mammary duct development in male and female mice. They® 
also obtained lobule-alveolar growth in castrated female mice by 
injecting fresh pituitaries from pregnant cattle. Because this ma- 
terial caused alveolar proliferation over and above the duct develop- 
ment induced by their extracts these investigators have postulated a 
second mammogen. 


1 Lewis, A. A., Turner, C. W., and Gomez, E. T., Endocrinol., 1939, 24, 157. 
2 Lewis, A. A., and Turner, C. W., Mo. Agr. Hap. Sta. Bul. 182, 1939. 
3 Mixner, J. P., Lewis, A. A., and Turner, C. W., Anat. Rec., 1940, Suppl., 76, 43. 
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The findings of the Turner laboratory might be interpreted on 
the basis of earlier investigations’ * showing that estrin and pro- 
gestin could be extracted from the pituitary, but it has been claimed 
that mammogen I, although weakly estrogenic, has mammary- 
stimulating potency greater than the purified estrins now available.” 
While these findings are in themselves interesting and significant, 
they in no way support the contention of the Missouri group that 
the ovarian hormones act only indirectly upon the mammary gland. 
In fact, suggestive evidence to the contrary has been at hand for 
some time now.* In each of 3 women, MacBryde obtained good de- 
velopment in the breast rubbed with estradiol in ointment (25,000 
I.U., daily for 2 weeks) while the contra-lateral breast rubbed only 
with the ointment base showed much less growth. We have carried 
out in male rabbits a similar experiment designed to sustain the 
theory of the direct action of estrin, with the advantage over the 
human work reported, of being able to know more precisely the 
histologic nature of the growth response. 

Experimental. Preliminary experiments were carried out in which 
the approximate amount of estrin was determined that could be 
expected to act only on the gland locally treated, and also the amounts 
of hormone that would be sufficient to allow for some absorption and 
therefore remote action on the glands not treated directly. And 
then, 2 groups of three, 2-month-old male rabbits, weighing approxi- 
mately 2 kg were treated with 2 distinct levels representing thres- 
hold and sub-threshold doses of estrone. 

The estrone* in sesame oil was rubbed into the skin immediately 
around the nipples on the left side, while sesame oil alone was ad- 
ministered in like manner to the nipple regions on the right side. 
Three of the rabbits had an accessory or ninth nipple and this was 
left untouched, thus serving as a further control. <A single drop of 
oil (approximately 0.03 cc) was applied with a medicine dropper 
directly to the nipple. The oil usually spread out over a skin area 
not greater than 3.0 cm and this was rubbed with the end of the 
finger and gently massaged between the thumb and forefinger. The 
3 rabbits in Group 1 were treated with an estrone preparation con- 
taining 100 I. U. per cc or 3 LU. per drop, while the preparation 
used in Group 2 contained 10 I.U. per ce or 0.3 I.U. per drop. In 
all 25 drops were administered to each gland (Monday through 


4 Brouha, L., and Simmonet, H., C. R. Soc. de Biol., 1927, 96, 1275. 

5 Callow, R. K., and Parkes, A. 8., J. Physiol., 1936, 87, 28 P. 

6 MacBryde, C. M., J. A. M. A., 1937, 112, 1043 (has earlier references). 
* Kindly supplied by Dr. Oliver Kamm of Parke, Davis and Company. 
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Fie. 1. Typical left mammary spread from male rabbit 1 of group 2. A drop 
of sesame oil containing approximately 3 1.U. of estrone was rubbed into the skin 
overlying this gland daily for 25 days. Note evidence of extensive duct growth. 
All figures * 1.5. 

Fic. 2. Typical right mammary spread from male rabbit of group 2. Sesame 
oil only was rubbed into skin. Gland is rudimentary and resembles that of un- 
treated, normal male rabbits. 

Fic. 3. Typical left mammary spread from male rabbit 2 of group 2. A drop 
of sesame oil containing approximately 3 I.U. of estrone was rubbed into the skin 
overlying this gland daily for 25 days. Note evidence of extensive duct growth. 

Fie. 4. Typical right mammary spread from male rabbit 2 of group 2. Sesame 
oil only was. rubbed into skin. Gland is rudimentary and resembles that of un- 
treated, normal male rabbits. 

Fic. 5. Typical left mammary spread from male rabbit 3 of group 2. A drop 
of sesame oil containing approximately 3 I.U. of estrone was rubbed into the skin 
overlying this gland daily for 25 days. This gland shows more extensive duct 
growth as well as some alveolar development. 

Fic. 6. Typical right mammary spread from rabbit 3 of group 2. Although 
only sesame oil was rubbed into skin overlying this gland, enough estrone was 
absorbed on the left side to circulate and cause the duet growth shown here. 
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Friday for 5 weeks), making a total of approximately 75 IU. per 
gland or 300 I.U. per animal (4 glands) in the first group, and 7.5 
1.U. per gland or 30 LU. per rabbit in the second group. 

Results. It became apparent after 2 to 3 weeks of treatment that 
the nipples receiving the 3 I.U. estrone per dose were growing at a 
faster rate than the controls as well as those receiving the 0.3 IU. 
estrone. At the end of the fifth week, the estrone-treated nipples of 
both groups were all considerably larger than their contra-lateral 
controls, but the control nipples of Group 1 were larger than the 
control nipples of Group 2 indicating that some of the estrone was 
being absorbed and probably circulated to the contra-lateral glands. 
At necropsy spreads were made of 53 mammary glands. These were 
stained 17 toto with alum carmine and cleared in methyl salicylate. 
None of the glands taken from the animals in Group 1 showed de- 
velopment greater than that seen in normal males of the New Zea- 
land White strain used. Two of the 3 rabbits treated with higher 
doses of estrone showed duct growth only in the glands rubbed with 
the hormone, Figs. 1 and 3, the sesame control and untreated glands 
all being within the norma! limits (Fig. 2 and 4). The third animal 
of this group was more responsive to estrone for not only did its 
estrone-treated glands (Fig. 5) show better development than the 
estrone-treated glands of the other rabbits, but its control glands 
(Fig. 6) also showed considerable development. As in the case of 
the nipples in both groups, this indicated that some estrone was being 
absorbed and circulated. However, the striking difference between 
the hormone-treated and control glands provides just as good proof 
of the direct action of estrone as the all-or-none effect observed in 
the other animals. 

Ruinen’ had attempted this same experiment in 1932, but used 
a much larger dose of hormone (100 units daily of menformon). 
With such an excess, he obtained equal development in the mammary 
glands of both sides. As the author admits, his findings still did not 
preclude the possibility of a direct action of estrin on the mammary 
gland. 

Summary. The proper dose of estrone in oil rubbed into the skin 
over the rudimentary mammary glands of young male rabbits caused 
growth only of those glands, and not of the control glands treated 
with oil. Such evidence supports the view that estrogenic substances 


are directly mammary-stimulating. 


7 Ruinen, F. H., Acta Brev. Neerl., 1932, 2, 161. 


11469 P 


Maintenance of Pregnancy in Castrate Rats by Means of 
Progesterone.* 


IrvinGc ROTHCHILD AND RoLAnp K. MEYER 


From the Department of Zoology, University of Wisconsin, Madison. 


Corner and Allen’s' early successful attempts to maintain preg- 
nancy in rabbits castrated shortly after mating could not be dupli- 
cated by Allen and Heckel? using crystalline progesterone, unless 
the castration occurred after implantation.* Pincus and Werthessen,* 
however, maintained gestation in one out of three rabbits when 
sufficient crystalline progesterone was used, while in short time 
experiments Courrier and Kehl’ maintained pregnancy in rabbits 
with progesterone, but in only one rabbit was castration done before 
implantation. Courrier and Jost® using large amounts of preg- 
neninolone caused rabbits to implant normally. Maintenance of 
pregnancy has been successfully accomplished in other animals 
(rats,” © ground squirrels,* mice? and hamsters*®) using proges- 
tin,® progesterone” *° or androgens,’ when castration was done after 
implantation. 

Previously™ it was shown that placentomata indistinguishable 
from those formed in normal pseudopregnant rats could be pro- 
duced in the castrate rat by means of progesterone alone. In the 
present study it will be shown that normal implantation as well as 
continued gestation will occur in the castrate rat when sufficient pro- 
gesterone is administered. 

A total of 26 pregnant rats were used, 22 of which were castrated 
on the 4th, and 4 on the 10th day of pregnancy. All rats, except 


* This work was supported by the Wisconsin Alumni Research Foundation. 
Assistance was also furnished by the personnel of the WPA Official Project No. 
65-1-53-2349, 

1 Corner and Allen, Proc. Soc. Exp. Biot. AND Mep., 1930, 27, 403. 

2 Allen and Heckel, Science, 1937, 86, 409. 

3 Allen and Heckel, Am. J. Physiol., 1939, 125, 31. 

4 Pincus and Werthessen, Am. J. Physiol., 1938, 124, 484. 

5 Courrier and Kehl, Comptes rendus Soc. de Biol., 1938, 128, 188. 

6 Courrier and Jost, ibid., 1939, 130, 1162. 

“Greene and Burrill, Proc. Soc. Exp. Bron. AND MeEp., 1939, 42, 585. 

8 Johnson and Challans, Endocrinol., 1932, 16, 278. 

9 Robson, J. Physiol., 1938, 92, 371. 

10 Klein, Proc. Roy. Soc., B, 1938, 125, 348. 
11 Rothchild, Meyer and Spielman, Am. J. Physiol., 1940, 128, 213, 
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those in the first 2 experiments, were sterilized by ovario-salping- 
ectomy of one horn of the uterus on the day after coitus, and the 
sterile horn traumatized by needle punctures through the anti- 
mesometrial wall on the 4th day of pregnancy. This permitted a 
concomitant study of the effect of the hormone treatment on the 
formation of placentomata. Hormone treatment was started on 
the day of complete castration, and continued daily up to and in- 
cluding the 20th day of pregnancy. All rats were autopsied on the 
21st day, except in those cases where, by means of. laparotomies 
performed between the 9th and 17th day, it was seen that preg- 
nancy had terminated. Hormone treatment consisted of proges- 
teronet alone, or in combination with estradiol,+ with corn oil as 
the solvent. 

From Table 1 it can be seen that negative results were obtained 
with amounts of progesterone of less than 1 Rb.U. per day. The 
smaller doses of progesterone, however, permitted the formation of 
implantation sites, which in the rats of Exp. I did not persist beyond 
the 13th day, but in 2 of the 4 rats of Exp. I] persisted normally to 


TABLE TI. 
Rats maint. in pregn. 
Daily to 21st day 
hormone treatment f= ——— 
— —— —, Rats Implant. Term 
Exp. No. Progest.* Estradiol, y treated No. Sites Fetuses 
u 3 .03 4 0 — -- 
eh 6 03 4 0 —= = 
III 1.0 — 5 2 5 il 
5 1 
VE 1.0 15 3 il 2 il 
vt 2.0 —_ 4 3 4 3 
3 2 
4 4 
VI 2.0 _- 5 4 2 1 
3 2 
4 3 
4 1 


* Rabbit units of progesterone. 
+These rats were castrated on the 10th day of pregnancy. 


+The source of progesterone was a non-crystalline preparation containing 
10%-50% of progesterone (Corner-Allen Rabbit Units) and was made from 
cholesterol by the Spielman process. (Spielman and Meyer, J. A. C. S., 1939, 


61, 893.) 
t The estradiol was supplied through the courtesy of the Schering Corpora- 


tion, Bloomfield, N. J. 
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the 17th day. Implantation proceeded normally, as far as could be 
determined macroscopically, in all the remaining experiments, and 
at least some of the rats in each experiment carried living young to 
the 21st day. The percentage of completely maintained rats, as 
well as the ratio of living young to total number of implantations, 
increased with increase in the amount of progesterone administered. 

The placentomata which formed in the sterile horn of the uteri 
of all the rats of Exp. III-VI were larger in every case than the 
implantation sites in the pregnant horn. This would indicate that 
the formation of decidual tissue in the rat is dependent, not only 
upon the size of the progesterone dose,* but possibly upon the 
strength of the traumatic stimulus as well, since it is most likely that 
the trauma of the uterine epithelium produced by the implanting egg 
is not of the same order of magnitude as that used in the artificial 
production of placentomata. 

The possibility that contaminants in the progesterone preparation 
might have influenced the results must be admitted, but we do not 
believe that they played an important part. In other experi- 
ments,’ *” using the same type of preparations, we found no quanti- 
tative or qualitative differences between the non-crystalline and 
crystalline progesterones. 

Summary. Rats castrated on the 4th day of pregnancy were 
maintained in pregnancy until the 21st day with daily doses of pro- 
gesterone of 1 or 2 Rb.U. 
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Precipitation Pattern of Serum Proteins in Phenylpyruvic 
Oligophrenia. 


ALBERT A. KonprItzeEr (Introduced by Warren M. Sperry) 


From the Neuro-Psychiatric Institute of the Hartford Retreat, Hartford, Conn., 
and the Department of Biochemistry, New York State Psychiatric Institute and 
Hospital, New York City. 

Jervis, et al.," have shown that the serum of phenylpyruvic oligo- 
phrenic individuals contains an abnormal amount of phenylalanine. 
In view of the recognized effects of small amounts of amino acids 
on the molecular dispersion of the proteins® it seemed possible that 


12 Rothchild and Meyer, Anat. Rec., 1939, 75, supl. 1, 71. 
1 Jervis, G. A., Block, R. J., Bolling, D., and Kanze, E., in press. 
2 Tiselius, A., Ann. Rev. Biochem., 1939, 8, 155. 
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abnormalities in the state of the serum proteins might occur in this 
disease. Perlzweig, Kondritzer and Bruch® found that in pathological 
conditions fractional precipitation of the serum proteins with grad- 
ually increasing quantities of potassium phosphate at pH 6.5-6.8, 
according to Butler and Montgomery,* frequently reveals significant 
changes which are not brought out by the conventional methods for 
the determination of albumins and globulins by precipitation with 
an arbitrarily fixed concentration of a neutral salt. 

In the present investigation the fractional precipitation procedure 
was applied to the serum proteins of 8 physically healthy patients in 
whom a diagnosis of phenylpyruvic oligophrenia had been made, and 
8 healthy persons as controls. Nineteen portions of each sample of 
serum were precipitated with an equimolar KH,PO,-K.HPO, buffer 
which ranged in molality from 1.2 to 3.0 mols in 0.1 mol increments. 
In 5 of the patients and 2 of the normal subjects 0.5 cc portions of 
freshly centrifuged serum were added to 15 ce portions of buffer 
(serum dilution 1:31). In the remaining experiments in which less 
serum was available the serum was diluted with an equal volume of 
physiological saline; then 0.5 cc portions were added to 10 ce por- 
tions of the buffer solutions (serum dilution 1:42). After standing 
overnight at room temperature the precipitate was filtered off and 
the total nitrogen in solution was determined (microkjeldahl) on a 
suitable aliquot. The value was corrected for the N.P.N., deter- 
mined on a trichloracetic acid filtrate of the original serum, and the 
percentage of the total protein remaining in solution at each molality 
of phosphate was calculated. The data obtained in experiments in 
which the dilution of the serum was 1 :42 were calculated to a dilu- 
tion of 1:31 and combined with the data at the latter dilution. The 
average values obtained in the 8 normal and the 8 phenylpyruvic 
sera were plotted against the concentrations of the phosphate solu- 
tions (Fig. 1). 

A small but consistent difference between the two solubility-pre- 
cipitation curves in the middle range of phosphate concentration is 
apparent; more protein appears to have been precipitated from the 
sera of the phenylpyruvics than from those of the healthy controls. 
As the differences were small the data were subjected to rigorous 
statistical analysis with the kind assistance of Dr. Joseph Zubin. 
The methods which Fisher* developed for analyzing small series of 


3 Perlzweig, W. A., Kondritzer, A. A., and Bruch, E., Proc. Am. Soc. Biol. Chem., 


1938, 32, xcii. 
4 Butler, A. M., and Montgomery, H., J. Biol. Chem., 1932, 99, 173. 
5 Fisher, R. A., Statistical Methods for Research Workers, 1934, Edinburgh and 


London. 
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data were applied in the modification of Snedecor.* The F value 
obtained gives a measure of the probability that the difference 
between 2 means is significant. For averages obtained on 2 series 
of 8 determinations each the critical values of F those which could 
arise by chance not more than 1 to 5 times in 100, lie between 9.07 
and 4.67 respectively. It will be seen from the chart that F values 
in this range were obtained for 3 phosphate concentrations between 
2.0 and 2.3 mols per liter.* The chance that fortuitous differences 
of this degree of significance would occur at adjacent points is ex- 
ceedingly small. 

Each value for the percentage of the protein remaining in solu- 
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6 Snedecor, G. W., Analysis of Variance, 1394, Collegiate Press, Inc., Ames, 
Iowa. 

* For this range of phosphate concentrations the effect of the difference in 
dilution (1:31 and 1:42) on the solubility of the serum proteins was shown during 
the statistical analysis to be of no significance. 
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tion was calculated from three nitrogen estimations (protein and 
N.P.N. in the original serum, and the total nitrogen of the filtrate). 
The chances for a cumulative error are, therefore, rather high. How- 
ever, all determinations were carried out in the same apparatus under 
identical conditions, as nearly as they could be controlled, and hence 
the statistical treatment evaluated automatically the effect of errors 
arising in the analysis. Furthermore, errors in the determination 
of the protein and N.P.N. of the original serum would have a uni- 
form effect throughout for each sample of serum and could not 
account for significant deviations in a portion of the curve. 

It is concluded that there was a small but significant increase above 
normal in the globulin fraction of the serum proteins of the indi- 
viduals with phenylpyruvic oligophrenia studied in this investigation. 
It is possible that the increase may have resulted from factors other 
than the particular pathology involved in this disease.t 
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Response of Various Breeds of Rabbits to Hamilton and Schwartz 
Test for Parathyroid Secretion. 


Emit J. BAUMANN AND Davip B. SPRINSON 


From the Laboratory Division, Montefiore Hospital, New York. 


In our earlier work’ with the Hamilton and Schwartz’ test for 
parathyroid hormone, we used 2 breeds of rabbits, raised by our- 
selves; a black and white Dutch strain and a gray Belgian strain, 
which included some albinos. All these rabbits gave a positive test 
when injected with 10 Hansen units of parathormone per kg. In 
a few instances injection with as little as 4 units per kg resulted in 
a positive reaction. Similar responses were given by hybrids of 
these 2 strains. (The H. and S. test depends upon the fact that 
successive feedings of CaCl, result in smaller and smaller rises in 
serum Ca, so that after the 3rd or 4th administration of 100 mg of 
Ca as CaCl, normal rabbits will show a rise of serum Ca of less than 
1.2 mg per 100 cc, whereas if more parathyroid hormone than that 
normally circulating is present, a greater rise of serum Ca results, 
roughly proportional to the quantity of hormone administered. ) 


+ The phenylpyruvie blood samples were obtained from inmates of Letchworth 
Village through the courtesy of Dr. Harry C. Storrs, Superintendent. 

1 Baumann, E. J., and Sprinson, D. B., Am. J. Physiol., 1939, 125, 741. 

2 Hamilton, B., and Schwartz, C., J. Pharm. and Exp. Therap., 1932, 46, 285. 
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When New Zealand white or chinchilla rabbits were used for 
this test, it was found they were less sensitive than the Dutch or 
Belgian breeds. They required an injection of 20 or 30 units of 
parathormone per kg to react positively. Six chinchillas and 4 New 
Zealand whites all gave negative reactions when injected with 10 
units per kg. With a dose of 20 units per kg of parathyroid extract 
only 3 of 5 chinchillas and 1 of 3 New Zealand white rabbits reacted 
positively, while 2 of each of these strains gave positive reactions 
only with a dose of 30 units per kg. 

It is advisable, therefore, to determine the sensitivity of rabbits 
to be used for the Hamilton and Schwartz test. The animals should 
be at least 5 months old and they should be kept on a diet whose 
Ca:P ratio is one or more for several days before use. 
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Agent of Lymphogranuloma Venereum in the Lungs of Mice. 


Morris F. SHAFFER, GEOFFREY RAKE AND CLARA M. McKEE 
From the Squibb Institute for Medical Research, New Brunswick, N. J. 


It has been shown’ that the agent of lymphogranuloma venereum 
readily initiates a fatal infection when introduced into the yolk-sac 
of the developing chicken embryo, in contradistinction to the well 
known low-grade character of the infection which results when the 
virus 1s placed on the chorio-allantois. In the former site the minute 
“granulocorpuscles”’ which are believed to represent elementary 
bodies of the agent are found in enormous numbers. With this 
source of abundant virus at hand the possibilities of intranasal infec- 
tion in mice were investigated, as has also been done recently by 
Schoen* who employed virus propagated in the Ehrlich mouse 
sarcoma. 


Two strains* of the lymphogranuloma venereum agent were 


1 Rake, G., McKee, C. M., and Shaffer, M. F., Proc. Soc. Exp. Bion. anp Mep., 
1940, 43, 332. 

° Miyagawa, Y., Mitamura, T., Yaoi, H., Ishii, N., Nakajima, H., Okanishi, J., 
Watanabe, S., and Sato, K., Jap. J. Exp. Med., 1935, 13, 733. 

3 Schoen, R., C. R. Acad. Sci., 1939, 208, 772. 

* One strain was obtained through the courtesy of Dr. Wm. L. Fleming, the 
School of Hygiene and Public Health, Johns Hopkins University. The second was 


obtained through the courtesy of Dr. Marion Howard, Department of Medicine, 
Yale University. 
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studied in Swiss mice weighing usually less than 10 g. Ground sus- 
pensions of yolk-sacs heavily infected with virus were diluted ten- 
fold with broth and centrifuged to throw down tissue fragments. 
0.03 to 0.05 ml of supernatant was inoculated intranasally under light 
ether anesthesia. The mice which within 48 to 72 hours were 
manifestly ill with signs of marked respiratory involvement, were 
sacrificed; some died during this period. The former at autopsy 
showed, in one or more lobes, areas of semi-translucent gray-red 
consolidation varying in extent; the dead mice showed hemorrhagic 
consolidation of nearly all of the lung tissue. On microscopic exami- 
nation of smears made by streaking a fragment of consolidated 
lung on a slide, fixing the film in methyl alcohol and staining with 
Giemsa stain, numerous elementary bodies could be seen lying free 
or within monocytic cells. In histological sections the picture was 
one of pneumonia, varying in degree but often very intense. This 
was both interstitial, with an accumulation of fluid and cells in the 
walls of the alveoli, and lobular with filling of the alveoli with fluid, 
monocytes and neutrophils. In the cytoplasm of certain cells, appar- 
ently the lining cells of the alveoli, there could be seen in most lungs 
large vacuoles filled with elementary bodies or larger inclusions both 
of which stained purple with Giemsa. In addition, clumps of ele- 
mentary bodies were seen lying free in the alveoli and bronchioles. 
The microscopic changes during the development of the lung lesions 
will be described in greater detail elsewhere. 

Serial intranasal passages in mice under light ether anesthesia were 
readily effected by sub-inoculation of broth suspension of affected 
lung tissue taken on the 2nd to 4th days after infection. With one 
strain 39 such lung-passages have been attained; with the other 
strain, 24 passages. Mice given intranasally 10~ dilution of grossly 
diseased lung tissue usually died within 5 days with almost total 
pneumonic consolidation. Fatal illness was less frequent in animals 
receiving 10% dilution; many of these mice exhibited a transient 
malaise but eventually recovered. If sacrificed between the 3rd and 
5th days, however, macroscopic lung lesions were found in most 
mice receiving 10~ dilution. Lesions were not found in mice re- 
ceiving 10% and 10° dilutions. Nevertheless, at the end of 4 days’ 
infection virus was present in considerable amount in the lungs of 
mice receiving 10“ dilution as could be demonstrated on serial intra- 
nasal passage, and it seems certain that multiplication had occurred. 

The possibility that the lesions obtained in the lungs were due to 
organisms of the pleuro-pneumonia group or to infection with the 
latent virus of mouse pneumonia‘ was excluded, in the first case by 
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cultures on suitable media and in the second, by cross-neutralization 
tests with anti-sera supplied through the courtesy of Dr. F. L. 
Horsfall. 

In the case of both strains, inoculation of 1 ml of 10% and occa- 
sionally 10°° dilution of consolidated lung tissue into the yolk-sacs 
of 5- or 6-day eggs incubated at 36° C sufficed to bring about death 
of the developing chicken embryos after several days’ infection. The 
yolk-sacs of these eggs examined immediately after death were 
bacteriologically sterile but showed innumerable elementary bodies 
in Giemsa-stained smears. These findings not only confirm the 
microscopic observations as to the presence of large amounts of virus 
in the lungs of mice intranasally infected with lymphogranuloma 
venereum agent but also serve to reémphasize the delicacy of the 
yolk-sac technic as compared with all other methods at present avail- 
able for the detection of the virus. The obvious usefulness of the 
pulmonary infectiont of mice in immunological experimentation on 
lymphogranuloma venereum is being further explored. 
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Complement Fixation Test in Lymphogranuloma Venereum. 


Ciara M. McKee, GEOFFREY RAKE AND Morris F. SHAFFER 


From the Squibb Institute for Medical Research, New Brunswick, N. J. 


Although it is generally acknowledged that the cutaneous test 
with the Frei antigen is of great value in establishing the diagnosis 
of infection with the etiological agent of lymphogranuloma ven- 
ereum, many workers have sought to devise other procedures which 
might be employed as corroborative evidence. The serological 
technic most widely explored in this connection has been complement 
fixation but, using a variety of antigens, most investigators have 
been unsuccessful in their attempts to demonstrate a specific reaction 
(for literature see’). Nearly all the reports of positive findings are 
justly open to criticism on such grounds as inadequately detailed 
description of the method, lack of controls, or incomplete data on 
the results. 


4 Horsfall, F. L., and Hahn, R. G., J. Exp. Med., 1940, 71, 391. 

t Workers should bear in mind the possible hazards involved in the use of the 
intranasal technic where high concentrations of virus are concerned, 

1 Melezer, N., and Sipos, K., Arch. f. Dermat. u. Syph., 1937, 176, 175. 
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Since the quantitative relationships of the reagents are of para- 
mount importance in serological tests it seemed likely that many of 
the failures might be due to the use of antigens of insufficient potency 
and that it might be worthwhile to reinvestigate the potentialities of 
the complement fixation test in this disease, with preparations con- 
taining higher concentrations of antigen than had hitherto been avail- 
able. The following antigens have been employed: (a) the con- 
solidated lungs of several mice, infected intranasally? with the agent 
of lymphogranuloma venereum, were pooled and ground with Pyrex 
fragments plus broth to a 10% suspension. This was freed of gross 
particles by centrifugation at 2000 RPM. The supernatant, termed 
“Lygranum” (M.L.) antigen, was stored at —32°C until needed, 
when it was thawed and further diluted with 0.85% saline to a final 
lung concentration of 1:100 or 1:150 for use in the test. Normal 
mouse lung suspension similarly prepared served as control. (b) Five- 
or 6-day eggs, inoculated via the yolk-sac® with lymphogranuloma 
venereum agent, were incubated at 36° C until the death of the 
chicken embryo. Immediately thereafter the bacteriologically sterile 
yolk-sacs, heavily infected with virus, were removed and ground 
with Pyrex fragments plus broth to 10% suspension. This was 
centrifuged 1 hour at 2000 RPM; the supernatant was recentri- 
fuged in the cold for 2 hours at 12,000 RPM and the sediment ob- 
tained thereby was resuspended in saline to 10 times the volume of 
the original 10% yolk-sac suspension for use in the test. This was 
called “*Lygranum”’ (Y.S.) antigen. The resuspended sediment from 
normal yolk-sacs, treated in the same way, was used as control. 

The sera were inactivated at 56° C before use and dilutions were 
made in saline. The source of complement was pooled guinea-pig 
serum kept frozen at -32° C. Previous to each test the thawed 
complement was titrated and diluted in saline so that 2 hemolytic 
units were contained in 0.2 cc. In the test 0.2 cc of each reagent 
was added to the tubes in the following order: serum dilution, 
complement, and antigen. The well-shaken mixtures were placed 
for 11% hours at 37° C. Then to each tube was added 0.2 cc of 3% 
suspension of washed sheep cells sensitized with 2 minimal hemolytic 
doses of anti-sheep cell rabbit amboceptor. Readings for hemolysis 
were made after a further period of 30 minutes at 37° C. Controls 
for free complement and for anticomplementary action in each anti- 
gen and serum were always included. The titre of a given serum 


2 Shaffer, M. F., Rake, G., and McKee, C. M., Proc. Soc. Exp. Bron. AnD Mep., 


1940, 44, 408. 
3 Rake, G., McKee, C. M., and Shaffer, M. F., Proc. Soc. Exp. Brou. AND Mep., 


1940, 48, 332. 
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was taken as the highest dilution showing complete or nearly com- 
plete fixation with specific antigen and no fixation with the antigen 
control prepared from the corresponding normal tissues. The re- 
sults with “Lygranum” (Y.S.) ran entirely parallel to those obtained 
with ‘“Lygranum” (M.L.), although under the conditions of concen- 
tration employed in these experiments, the former antigen seemed 
more active. On the other hand, non-specific fixation in low serum 
dilutions with the antigen control from normal tissue was less 
frequently encountered in the case of mouse-lung. In performing 
the test the lowest initial serum dilution was 1:2 and since, in the 
system for fixation, this underwent a further threefold dilution, the 
lowest possible titre in these experiments was 1 :6. 

Using the method outlined, sera from 20 individuals with clinical 
nistory of lymphogranuloma venereum and positive reactions to Frei 
antigen were tested. Nineteen sera fixed complement specifically in 
the presence of ‘““Lygranum” antigen, at titres ranging from 1:15 to 
1 :600. In one case the titer was only 1:6. The possible correlation be- 
tween serum titre, degree of reactivity to standardized Frei antigen 
and the clinical status of lymphogranuloma infection in a group of 
cases is being investigated in collaboration with Dr. A. W. Grace of 
the New York Hospital, through whose courtesy most of the lympho- 
granuloma sera were obtained. As a control, sera taken from 22 
presumably normal individuals were tested; 20 failed to fix com- 
plement even in the lowest dilution (titre less than 1:6). Positive 
reactions in this group were obtained only with serum from one 
laboratory worker who had been exposed to contact with the virus 
over the period of a year and with the serum of a female child resid- 
ing in an orphanage. 

As a further control, the test was carried out on a group of 29 
sera with strongly positive Wassermann reaction obtained through 
the courtesy of Mr. J. V. Mulcahy of the State Dept. of Health, 
Trenton, N. J. and Dr. B. Webster of the New York Hospital. 
Sixteen of these sera gave specific fixation with “Lygranum” anti- 
gens showing titres between 1:15 and 1:150. In view of the 
reports concerning positive reactions to the Frei antigen, elicited in 
prostitutes who were tested as a matter of routine although not suf- 
fering overtly from lymphogranuloma, as well as the positive fixa- 
tion by the serum of one worker in our laboratory and 55% of 
syphilitic sera which we have tested, the likelihood of undiagnosed 
or subclinical infection appears great and is being further investi- 
gated in collaboration with Dr. A. W. Grace. 

If the reaction is specific, as we believe, it will prove to be a most 
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useful method for the detection of lymphogranuloma venereum in- 
fection particularly in individuals who have not been tested with 
Frei antigen, as well as for immunological studies in infections of 
humans and animals with this etiological agent. 

Summary. In individuals with lymphogranuloma venereum, the 
serum has been found to fix complement regularly in the presence of 
antigens containing the virus in high concentration. Such fixation 
was observed only once with sera taken from supposedly uninfected 
individuals but was obtained frequently in syphilitic sera showing 
markedly positive Wassermann reactions. 
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Persistence of St. Louis Encephalitis Virus in the Brains 


of Chicks.* 


Haro_tp E. Pearson (Introduced by E. W. Schultz) 


From the Department of Bacteriology and Experimental Pathology, Stanford 
University, California. 


St. Louis encephalitis virus has been cultivated in vitro on minced 
chick embryonic tissue’ as well as in the yolk’ and on the chorio- 
allantoic membrane’ *° of chick embryos. On _ chorio-allantoic 
membranes, serial passage through 68° and more than 100° transfers 
has been possible. Brains of the corresponding embryos have been 
found to contain slightly more virus than the membranes, virus being 
also present in the livers and spleens.* ’ Virus has been demonstrated 
in the brains of chicks allowed to hatch' though only slight or no 
microscopic changes were demonstrable.” * It has been observed 
that embryos may survive until the time of hatching,’ or die within 
a few days after inoculation.” ° 

Harrison and Moore’ have reported that young chicks (4 to 6 


* Studies supported by Mary Hooper Somers Fund for Filtrable Virus 
Research. 

1 Harrison, R. W., and Moore, E., Am. J. Path., 1937, 13, 361. 

2 Stimpert, F., Proc. Soc. Exe. Bion. AnD Mup., 1939, 41, 483. 

3 Smith, M. G., Proc. Soc. Exp. Bios. AND MED., 1939, 40, 191. 

4 Smith, M. G., and Lennette, E. H., Proc. Soc. Exp, Brot. AND MeEp., 1939, 
41, 323. 

5 Schultz, E. W., Williams, G. F., and Hetherington, A., Proc. Soc. Exp. Bron. 
AND MED., 1938, 38, 799. 

6 Schultz, E. W., et al., unpublished work. 
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days old) were found somewhat susceptible. 


After 


from the brains of 3 out of 4 of the chicks tested for virus. 


The present report deals with the susceptibility of young chicks to 


TABLE I, 


Results Obtained on Inoculating Suspensions of Chick Brains into Mice. 


Days after inoculation Dilution of chick 
brain employed 


chicks were killed 


Death of mice in days 


inoculation 


with mouse brain virus, 3 out of 6 showed clinical (paralysis) or 
microscopic evidence of infection, or both, and virus was recovered 
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2 1 
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mouse brain passage virus. White leghorn, barred rock and Rhode 
Island red chicks were tested for susceptibility. The presence of 
virus in brains, livers or spleens of the chicks was determined by 
inoculating 3 mice each intracerebrally with 0.03 cc of a suspension 
(usually 10%) of material. Surviving test mice were observed 
for 21 days. All virus suspensions were also tested for bacterial 
sterility. 

Webster’s No. 3 strain of the virus was used. It regularly killed 
mice when inoculated intracerebrally in a dilution of 10°. 

Of forty 2-day-old leghorn chicks which were inoculated sub- 
durally with 0.03 cc of a 10% suspension of mouse brain virus, none 
showed any sign of infection. The object of the investigation then 
was to determine whether or not the brains harbored active virus. 
The chicks were killed 2 at a time at intervals of several days over a 
period of 56 days. The brains of the 2 chicks were pooled, ground 
in a mortar and 3 mice were inoculated with each dilution. In some 
cases one brain only was ground, while the other was sectioned for 
microscopic examination. The results of the tests for virus are 
given in Table 1. 

Histological examination of the brains of 11 chicks, not tested for 
virus, but killed on the 2nd to 20th day after inoculation showed only 
slight, and inconstant changes, consisting at most of small, peri- 
vascular, mononuclear infiltrations. The livers, spleens, and kidneys 
of these animals in all cases appeared normal. No changes were 
observed in the brains and other tissues from chicks killed more than 
20 days after inoculation. 

Groups of 4 to 6 chicks, 2 days old, were then inoculated by various 
routes with 10% mouse brain virus. None of these showed any sign 
of infection. They were killed at intervals and the tissues pooled 
and tested for virus. No gross changes were noted in any of the 
tissues. Microscopic sections of brains were stained by Lentz A 
method, other tissues with hematoxylin and eosin. The observa- 
tions on this group are given in Table II. 

Ten leghorn chicks, 21 days old, were inoculated subdurally, each 
with 0.03 cc of 10% mouse brain virus. These showed no sign of 
infection over a period of one month. 

Serial passage of virus was tried (using leghorns for the first 
2 passages and barred rocks subsequently) in chicks 2 to 6 days old. 
Three chicks were inoculated subdurally each with 0.03 cc of 10% 
mouse brain virus. These were killed 3 to 4 days later. Their 
brains were ground together to make a 10% suspension and 0.03 cc 
were inoculated subdurally into each of 3 new chicks and intra- 
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TABLE III. 
No. of the serial 1 2 3 4 5 
passage 
Death of individual DOO (1) 8 8 10 19 — — tf al 
mice in days 
No. of the serial 6 7 8 9 9 
passage 10 days 25 days 
Death of individual 4 9 14 ey Noy fh Sh Heh 7 §8§— —— — 


mice in days 


— Survival 
* Accidental death 
cerebraliy into 3 mice. None of the chicks showed any sign of in- 
fection. Six instead of 3 chicks were used in the 9th passage; 3 
of these were killed 10 days and three 25 days after inoculation. The 
results of the mouse inoculation with material from each serial chick 
passage are given in Table III. 

Microscopic sections of the 3 brains of chicks from the 9th 
passage sacrificed 10 days after inoculation showed several foci of 
mononuclear cell infiltration near the meninges, some diffuse 
mononuclear cell infiltration and perivascular infiltration in various 
areas and particularly in the cerebellum. 

Serial passage in chicks 2 to 6 days old was also attempted, in 
which the initial inoculation consisted of 0.5 cc of a 10% suspension 
of mouse-brain-virus administered intraperitoneally to each of 3 
chicks. Transfers were then made by grinding all the brains and 
spleens together to make a 10% suspension and inoculating each 
of 3 new chicks with 0.5 cc intraperitoneally and 3 mice each with 
0.03 cc intracerebrally. None of the chicks showed any sign of 
infection. Virus was recovered from the first passage, but not from 
the subsequent 8 passages. 

Summary. Two-day-old chicks, after inoculation with St. Louis 
encephalitis virus, subdurally or by other routes, failed to show 
any clinical evidence of infection. Nevertheless, the brains of chicks 
which had been inoculated subdurally proved infectious for mice in 
a dilution of 10° for at least 6 days and sometimes in a dilution of 
107 up to 20 days. Histological sections of such brains showed 
only slight changes, consisting at most of small areas of perivascular 
infiltrations. 

The virus was carried through nine serial passages at 3- to 4- 
day intervals in the brains of 2- to 6-day-old chicks. Chick brains 
of the ninth serial passage showed areas of focal, diffuse and peri- 
vascular infiltration. 
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Effect of Breathing Pure Oxygen on Respiratory Volume in 
Humans.* 


NATHAN W. SHOCK AND Mayo H. SOLEY 


From the Institute of Child Welfare, the Divisions of Physiology, Medicine, and 
Pharmacology of the Medical School, University of California 


Although previous investigators have concluded that the respira- 
tory volume is not altered by the inspiration of high concentrations 
of oxygen" ® we have found an increase in the average respiratory 
volume in normal males when pure oxygen was breathed. 

A group of 33 white male students, ages 18-33, served as subjects 
(mean age 23.5+.8). Each subject was given a preliminary trial 
on the day before the experiments were conducted and was then 
tested with oxygen at the corresponding hour of 2 subsequent days. 
In each experiment the subject rested for 20 minutes in the supine 
position and no tests were run sooner than one hour following a 
meal. Expired air was collected through a Siebe-Gorman half- 
mask and mercury valves (opened by a pressure of 1.5 mm of 
water), into a pair of spirometers of the Tissot type, each with a 
capacity of 9.19 liters (at 0°, 760 mm). The apparatus, which is 
described in detail elsewhere*® was arranged so that the time was 
electrically recorded when 9.19 liters of air were expired. Expired 
air was measured continuously over a period of 15 minutes before 
the administration of the pure oxygen and for 30 minutes during 
the inspiration of oxygen. 

Oxygen was obtained in 1150-gallon pressure tanks from which 
a pair of Tissot spirometers, each with a capacity of 60 liters, was 
filled. In this way the oxygen was allowed to come to the same 
temperature and pressure as room air before being breathed. The 
valve system was arranged so that the change in inspired air from 
21% to 100% oxygen could be made without the knowledge of the 
subject. Each experiment consisted of: (1) a 20-minute rest period 
in the supine position; (2) a 15-minute period for the measurement 
of respiratory volume with the subject breathing outdoor air; (3) 


* Aided by a grant from the Research Board and the Christine Breon Fund 
for Medical Research of the University of California. Grateful acknowledgment 
is made to the Work Projects Administration (O.P. 65-1-08-62, Unit A-8) for 
clerical assistance in the preparation of this material. 

1 Benedict, F. G., and Higgins, H. L., Am. J. Physiol., 1911, 28, 1. 

2 Davies, H. W., Brow, G. R., and Binger, C. A. L., J. Exp. Med., 1925, 41, 37. 

8 Shoek, N. W., and Ogden, E. Child Development. In press. 
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a 20-minute period for the measurement of respiratory volume with 
the subject breathing 100% oxygen. In 36 experiments a fourth 
period of 15 minutes of air collection was continued with the subject 
again breathing outdoor air from the larger spirometers. 
Respiratory volumes were computed in liters per minute at 0° C 
and 760mm Hg. The resting level was determined for each experi- 
ment from the average of at least 8 observations. The change in 
respiration resulting from breathing pure oxygen was expressed as 


TABLE I. 
Effect of Breathing 100% Og on Resting Respiratory Volume 


Resting Respiratory Volume. 


Test 1. Test, II. I. and II. 
7 =. a 2) Cc \ 
Breathing Breathing Breathing Breathing Avg. 
21% Op 100% Oo % 21% Og 100% Oo % % 
Subject 1./sqm/ 1./sqm/ MImnere- 1./sqm/_ 1./sq m/ Inere- Inere- 
No. min min ment min min ment ment 
7 2.95 3.14 6 2.87 2.75 4 1 
8 3.80 4.11 8 4.02 4.13 3 6 
9 4.16 4.05 3) 5.41 5.88 2 3 
10 2.97 3.04 2 3.32 3.73 13 8 
11 3.75 4.35 16 4.38 5.14 17 17 
12 3.65 4.11 12 3.31 3.64 10 11 
13 4.12 4.32 5 3.85 3.98 3 4 
14 4.16 4.39 6 3.64 4.10 13 10 
15 3.08 3.45 12 2.95 3.28 iit 12 
16 3.26 4.02 23 3.33 3.95 18 21 
17 3.56 4.85 36 3.45 4.17 2a 29 
18 2.55 2.62 3 2.41 2.51 4 4 
Ue) 3.10 4.26 37 3.48 4.46 28 33 
20 4.67 3.73 —20) 4.10 4.27 4 - 8 
21 3.18 4.08 2 3.12 3.63 16 22 
22 3.38 4.04 20 3.39 4.29 26 23 
23 2.52 2.89 32 2.29 2.62 14 23 
24 3.67 4.57 24 3.88 4.52 ily 21 
25 2.52 2.89 15 2.46 3.06 24 20 
26 2.98 4.93 66 3.63 3.41 — 6 30 
27 4.01 4.23 5 3.78 4.30 14 10 
28 3.84 3.97 3 4.21 4,42 5 4 
29 2.48 3.02 22 2.59 2.83 9 16 
30 2.66 3.29 24 2.83 3.48 23 24 
31 3.52 3.70 5 3.32 3.36 ih 3 
32 2.97 3.05 3 3.07 2.94 — 4 -1 
33 3.59 4.15 15 3.61 3.90 8 12 
34 3.06 3.26 7 3.30 3.41 2 5 
35 2.55 2.59 1 2.47 2.46 0 al 
36 2.70 3.60 33 3.39 3.64 7 20 
37 3.25 3.31 2 2.92 3.56 22 12 
38 3.30 38.60 9 2.60 3.99 54 32 
39 3.46 3.77 9 3.35 4.02 20 15 
Mean 3.32 3.75 14.1 3.36 3.75 12.2 13.4 
S.D. Mn. 1.8 
C.R. 7.5 
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a percentage deviation from the resting value obtained in the period 
prior to the breathing of oxygen. Since similar results were obtained 
when computations were based on the period of breathing air after 
the administration of oxygen, it is clear that the results cannot be 
attributed to increased restlessness of the subjects during a pro- 
longed experiment. 

Results are shown in Table I. It may be seen that in all but 5 
experiments in the total of 66 an increase in respiratory volume 
occurred with the inspiration of pure oxygen. The average incre- 
ment was 13.4% for 66 experiments with 33 subjects. Statistical 
tests indicate that this average increment would occur by chance 
only once in 1 & 10° trials. 

The cause of this increase in respiration is speculative but the 
following possibilities are suggested: (1) because of the increased 
oxygen tension in the blood, less oxyhemoglobin is reduced in the 
tissues, thus releasing less base for CO, transport from the tissues. 
In this way the CO, tension of the respiratory center itself may be 
increased with a resulting increase in respiratory volume;* (2) the 
increase in oxygen tension of the blood reduces cerebral blood flow’ 
which may result in a local increase in CO, in the respiratory center ; 
(3) an increase in oxygen tension in the respiratory center may 
increase the sensitivity of the center to the normal stimulus so that 
respiratory volume is increased although no rise in [H+] or 
pCO, occurs” 

Summary. Breathing pure oxygen causes a significant rise in 
the average resting respiratory volume in normal males. 
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Thermo-coagulation in Destruction of Tissue in Cerebral Cortex 
of Small Animals. 


L. A. PENNINGTON (Introduced by J. F. Fulton) 


From the Psychological Laboratory, University of Illinois. 


In order to overcome certain mechanical difficulties inherent in 
the trephining method when applied particularly to the removal of 
tissue in the none too accessible auditory areas of the rat’s cerebral 
hemispheres, the technic about to be described was devised. 

4 Gesell, R., Am. J. Physiol., 1923, 66, 5. 

5 Lennox, W. G., and Gibbs, E. L., J. Clin. Invest., IEP aL, alleys, 

6 Eastman, W. J., International Clinics, Series 46, 1936, 11, 275, 
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Although Dennis and Bolton’ suggested certain advantages of the 
thermo-coagulation method for the induction of lesions in the rat’s 
brain, they made no attempt to describe in detail the procedures used 
to induce circumscribed lesions of varying magnitudes and depths 
in the brains of small animals frequently used in laboratories. The 
present technic, in brief, has involved the application of a heated 
platinum wire to a selected area of the exposed skull bone. This 
wire is left upon the skull for an interval, the magnitude of which 
depends upon the nature and purpose of the experiment. Micro- 
scopic study of the cerebral tissue, following sectioning and stain- 
ing, indicates clearly that differential destruction of specific cortical 
layers may be effected by varying the duration of the application of 
the heated cautery wire to the external surface of the skull. Careful 
observation of other layers of the cerebrum indicates that the lesions 
so induced are clearcut and that adjacent cells are normal in 
appearance. 

The data available have been accumulated from the study of the 
cerebral areas of 35 rats. These animals, all male albinos, were 3 
months of age at the time that the cortical operations were per- 
formed. The results indicate that the application of the heated 
cautery tip to the skull for a period of 10 seconds effects the destruc- 
tion of the outer or first cellular layer of the cortex within the audi- 
tory area.” If the wire is applied for 20 seconds all cortical layers 
within this region underlying the tip are destroyed. With an 
interval of 15 seconds the first five layers are destroyed. Twenty-five 
and 30-second intervals induce well delimited lesions which extend 
into the hippocampal regions. A detailed analysis of other areas and 
the intervals essential for the induction of cortical lesions of differing 
depths is in progress. 

The cautery unit utilized for the induction of these brain lesions 
by thermo-coagulation has been devised for use in dentistry.* The 
heat obtained from this instrument is generated by alternating 
current. The unit is equipped with a dial which can be set for the 
regulation of the degree of heat generated by the electric current 
passing through the cautery tip acting as a resistance. A more 
accurate quantification of the power dissipated in the cautery tip has 
been made by means of the voltmeter-ammeter method. The 
calories of heat per second generated by the cautery tip have been 


determined for each dial reading. 


1 Dennis, W., and Bolton, C., Science, 1935, 81, 297. 
2 Pennington, L. A., J. Comp. Neurol., 1937, 66, 415. 
* Cautery unit devised and patented by Burton Manufacturing Company, 


Chicago. 
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Additional comments concerning the behavioral data obtained 
from this study are relevant at this point. These data obtained from 
carefully controlled observations of the animals in an auditory 
discrimination apparatus’ were in general agreement with those 
obtained from the observations of other animals operated upon by 
the extirpation method. Although these 2 sets of operative and 
behavioral data were not strictly comparable because of differential 
extents and depths of the lesions, it is clear that the method of 
thermo-coagulation results in postoperative disturbances in animal 
behavior similar in degree to those observed in animals of the other 
group. 

That the values of this method are numerous seems clear. First, 
recovery of the animal is rapid. If the investigator wishes, the 
behavior of the animals may, in most instances, be studied from 
one to three days after operation. Rapid recovery makes possible a 
more detailed and complete collection of experimental data pertain- 
ing to the problem of the restitution of function following artificial 
injuries to the nervous system. Second, the procedure requires far 
less time for the actual performance of the operation, and, hence 
tends to reduce operative shock. This method does necessitate, 
however, the aid of an assistant who serves as a timekeeper. Third, 
the approach makes readily accessible, in the rat brain at least, 
certain cerebral areas, especially areas 7, k, and p delimited earlier 
by Fortuyn.* Fourth, the method results in fewer cases of infec- 
tion and thus reduces the inortality rate. Fifth, the thermo-coagu- 
lation technic is more readily controlled than is the trephine 
method in studies on small animals. It makes possible the induc- 
tion of very small or of very large cerebral lesions with fewer 
technical difficulties than is ordinarily possible with the extirpation 
method currently in use. 


3 Hunter, W. A., and Pennington, L. A., Science, 1939, 89, 87. 
+ Fortuyn, A. B. D., Arch. Neurol. and Psychiat., London, 1914, 6, 221. 
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Respiration of Kidney Cortex in High Potassium-Low Sodium 
Ringer’s Solution.* 


AtviIn E. LEwis AND JoHN FIELD, 2p. 
From the Department of Physiology, Stanford University. 


Carr and Beck* have shown that in the brief life span of an albino 
rat after bilateral adrenalectomy there is a gradual decrease of about 
25% in the basal metabolic rate, when the animal is maintained on 
a “normal” diet. The experiments reported here are part of a series 
designed to determine the cause and effect relationship of this de- 
creased metabolic rate in the syndrome of adrenal insufficiency. In 
this instance an attempt was made to see whether the typical serum 
electrolyte picture in advanced adrenal insufficiency would reduce 
the respiration of kidney slices from normal rats. The kidney was 
chosen for study because of its importance in producing the adrenal 
insufficiency syndrome’ and because it has been shown by Crismon 
and Field*® that there is a decrease in kidney respiration in the 
adrenalectomized rat of about 38%. 

Kidney slices were prepared with the Terry razor microtome 
which proved very satisfactory for this purpose.* The oxygen 
consumption of kidney cortex was measured by the Warburg 
method.® The suspension medium used in control experiments was 
the mammalian Ringer’s of Dickens and Greville,® hereinafter 
termed D.G.-Ringer’s. For the experimental series the medium was 
a high potassium-low sodium modification of mammalian Ringer’s 
solution osmotically balanced with glucose, hereinafter called A.IL.- 
Ringer’s. The concentrations of electrolytes in this medium were 
those reported for blood of adrenalectomized animals by Grollman’ 
and Hegnauer and Robinson.* The compositions of these solutions 
are summarized in Table I. 


* Supported in part by a grant from the Rockefeller Fluid Research Fund of 
the Stanford University School of Medicine. 

1Carr, C. J., and Beck, F. F., Am. J. Physiol., 1937, 119, 589. 

2 Loeb, R. F., Glandular Physiology and Therapy, Chicago, The American Med- 
ical Association, 1935, Chapter 20. 

3 Crismon, J. M., and Field, J., Am. J. Physiol., 1940, in press. 

4 Terry, B. T., Am. J. Clin. Path., 1937, 7, 69. 

5 Field, J., Belding, H. S., and Martin, A. W., J. Cell. Comp. Physiol., 1939, 
14, 143. 

6 Dickens, F., and Greville, G. D., Biochem. J., 1935, 29, 1468. 

7Groliman, A., The Adrenals, Baltimore, Williams and Wilkins Co., 1936, 
184-188. 

8 Hegnauer, A. H., and Robinson, E. J., J. Biol. Chem., 1936, 116, 769. 
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TABLE I. 
D.G.-Ringer* A.I.-Ringer* 
g per liter g per liter 
“NaCl 7.00 5.4 

KCl 0.18 0.36 
MgCly.6H:0 0.1627 0.1956 
CaCly.2H»0 0.25 0.25 
Glucose 2.00 9.80 


*Both solutions were buffered at pH 7.4 with sodium phosphate in final con- 
centration of M/150. 

Thirty-two determinations were made in D.G.-Ringer’s solution 
and 39 in the A.I.-Ringer’s solution. Since the tissues were obtained 
from 9 white rats (Slonaker-Wistar strain), the arithmetic means 
of the results obtained on each animal were analyzed statistically 
as paired data. The mean oxygen consumption, N.P.T., per mg 
(dry weight) in one hour was 16.954 cu mm in D.G.-Ringer’s solu- 
tion and 16.098 cu mm in A.I.-Ringer’s solution. The mean differ- 
ence was 0.855; the standard deviation was 1.29; the standard error 
was 0.489, and the value of “t” (Fisher, 1936) was 1.7485. This 
indicates that this small difference in oxygen consumption could 
occur by chance more than 5 times in a hundred. Thus, the differ- 
ence observed is not statistically significant. Although the mean 
difference observed may actually exist, as might possibly be shown 
by a more lenient statistical method, this observed fall in oxygen 
consumption, even at its maximum, is not of the order of magnitude 
of that observed for tissues of adrenalectomized animals. 

It can readily be seen that this experiment represents a very 
limited reproduction of the situation occurring in adrenal insuffi- 
ciency. Although the electrolyte content of the A.I.-Ringer’s solu- 
tion approximates the blood picture occurring in fairly extreme 
cases of adrenal insufficiency, there are certain aspects of the total 
picture which have necessarily been omitted. Thus, for example, 
the time factor has been completely neglected. Whereas the elec- 
trolyte change occurring in adrenal insufficiency is slow and chronic, 
this experiment, as a first approach to the evaluation of the elec- 
trolytic factors, necessarily represents an acute situation. 

To the extent that the experimental situation produced here 
im vitro is comparable to the electrolytic imbalance occurring in 
adrenal insufficiency it would appear that the changed electrolyte 
content does not have a direct role of significant magnitude in the 
depression of the oxygen consumption of the kidney cortex, 
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Influence of Rate of Urine Formation on Potassium Excretion.* 


Ve TI AtrsAND lon ool ANGLEY: 
From the Department of Physiology, Stanford University. 


From an accurate description of the relations existing between 
the rate of renal excretion of any substance and the rate of urine 
formation, it is possible to make certain deductions concerning the 
manner in which the kidney excretes that substance. In spite of the 
active current interest in potassium metabolism, this relation as it 
exists in man has not been satisfactorily studied. We have attempted 
to fill this gap. 

Repeated simultaneous determinations of plasma and urinary 
potassium concentrations were made upon 3 normal adult male 
subjects maintained on diets of approximately constant potassium 
content. The water content was varied within wide limits. With 
extreme water deprivation, urine flow rates as low as 0.5 cc per min. 
were obtained; while with ingestion of excess water, the flow 
reached 6 or more cc per min. Urine was collected for one 2-hour 
period, in the middle of which blood was drawn for analysis. The 
blood was oxalated and centrifuged immediately at 3000 rpm for 
20 minutes. Potassium was determined on ashed urine and plasma 
by the method of Kramer and Tisdall.”* Special precautions were 
taken to prevent loss of precipitate in washing. The subjects carried 
on regular laboratory work during the experimental periods. 

The excretion rates have been expressed as clearances (C), 


calculated by the conventional formula: 
UWE AYE 


C = 
12 

in which U is the concentration of potassium in the urine (mg per 
cc), V the volume of urine (cc per min.), and P the plasma potas- 
sium concentration (mg per cc). The plasma potassium con- 
centrations (means with standard errors of means) were: 
Subjects lo.4 20.22 Subject C) 16:5 = O10; and Subjtct H, 

17.9 + 0.4 mg per 100 cc. 
From Fig. 1, in which the clearances are plotted against the rates 
of urine flow, it may be seen that, over a wide range of flow rates, 


* Supported in part by a grant from the Fluid Research Fund of the Stanford 
University School of Medicine. 

1 Kramer, B., and Tisdall, F. F., J. Biol. Chem., 1921, 46, 339. 

2 Tisdall, F. F., and Kramer, B., J. Biol. Chem., 1921, 48, 1. 
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the clearance remains constant. Below about 0.6 cc per sq m per min 
(“the augmentation limit’), the clearance falls sharply in all 3 
subjects. Since, according to Chesley,® the glomerular filtration 
rate begins to fall off as the urine flow reaches approximately this 
value, it is probable that the decrease in potassium clearance at urine 
flow rates below the observed augmentation limit is due to a reduc- 
tion in glomerular filtration. 

The observations of Griffon* apparently showed that the rate 
of potassium excretion in man was proportional to the rate of urine 
flow. However, he confined his observations to the range of 0.35 
to 1 cc per min., and was thus working largely below the augmenta- 
tion limit. On the other hand, the data of Cutler, Power and 
Kendall? suggested that in normal human subjects potassium excre- 
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Ime al, 
’ Effect of urine flow rate on potassium clearance in normal male subjects. 
Clearances (ordinates, with separate scales for each subject) are stated as ee 
plasma cleared per min. 


3 Chesley, L. C., J. Clin. Invest., 1938, 17, 591. 
4 Griffon, H., Comp. rend. Soc. de Biol., 1936, 121, 47. 


5 Cutler, H. H., Power, M. H., and Wilder, R. M., J. Am. Med. Assn., 1938, 
ita li alate 
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tion was independent of urine flow. All the flow rates of these in- 
vestigators now appear to have been above the augmentation limit. 
Our observations confirm and reconcile the findings of both these 
groups of workers. 

The clearance (‘‘maximal’’) of our 3 subjects averaged about 16 
cc per sqm per min. Since the glomerular filtration rate of normal 
subjects is about 69 cc per sq m per min, potassium must be re- 
absorbed by the kidney tubules. Since both the rate of glomerular 
filtration and the rate of potassium excretion remain constant over 
a wide range of urine flow rates, the rate of tubular reabsorption 
must also remain constant. Accordingly, the concentration of potas- 
sium in the tubular urine may vary widely without causing changes 
in the rate of tubular reabsorption. Such reabsorption cannot 
therefore be entirely a passive process resulting from the gradient 
established by the reabsorption of water. 

The factors controlling such reabsorption are now under investi- 
gation in this laboratory. 
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Hemolytic Action of Fluorides on Certain Nucleated 
Erythrocytes. 


T. N. Hampi Aanp J. K. W. FERGUSON 
From the Marine Biological Laboratory, Woods Hole, Mass. 


In a study of CO, dissociation curves of dogfish blood (Fergu- 
son, Horvath and Pappenheimer’ it was observed that sodium 
fluoride added to prevent glycolysis caused a slowly progressive 
swelling, usually ending after 3 to 10 hours in hemolysis. Hemo- 
lysis of fish blood by oxalate has been observed by Black and Irving.’ 
The effects of several fluorides, oxalates and other salts have been 
tested on the blood of various species with nucleated erythrocytes. 
One tenth molar and molar solutions of the salts were added to 9 
times their volume of the blood to be tested, which had previously 
been defibrinated. The final concentration of the salts was, in one 
series, one-hundredth molar and, in the other, one-tenth molar. In 
the first series the final solution bathing the cells would be slightly 


1 Ferguson, J. K. W., Horvath, S. M., and Pappenheimer, J. R., Biol. Bullt., 


1938, 75, 381. 
2 Black, E. C., and Irving, Laurence, J. Cell. Comp. Physiol., 1938, 12, 255. 
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hypotonic and in the second slightly hypertonic. In the later experi- 
ments using molar solutions the more alkaline ones (oxalates, 
citrates and arsenates) were adjusted by the addition of HCl to 
a pH between 7.0 and 7.4, as indicated by phenol red. This pro- 
cedure produced in certain cases significant alterations in the results. 
The following salts were tested on all the species used—sodium 
chloride, sodium thiocyanate, sodium fluoride, sodium oxalate. In 
some experiments the following salts were used, too—sodium citrate, 
sodium arsenate (mostly dibasic), aluminium fluoride, zinc fluoride. 
The bloods tested included dogfish (Mustelus canis), tautog (Tau- 
toga onitis), sea robin (Prionotus carolinus), squeteague (Cyonos- 
cion regale) and a turtle and a snake (species unknown). 

Results. Progressive swelling was not observed after the addi- 
tion of sodium chloride or sodium thiocyanate. All the fluorides 
tested produced progressive swelling and (when the observations 
were sufficiently prolonged) hemolysis of the erythrocytes of all 
the fish listed above. The nucleated erythroctyes of the turtle and 
snake were not, however, susceptible to fluoride. The results with 
oxalate, citrate and arsenate were less regular. Sometimes swelling 
and hemolysis were produced and it occurred more often with the 
stronger concentrations. In a few experiments it appeared that 
even the stronger solutions failed to cause swelling when they were 
neutralized. This phenomenon suggested a possible explanation of 
the results. 

Fluorides, oxalates, arsenates and citrates might be expected to 
remove magnesium and calcium ions from solution. The latter 3 
anions would remove magnesium less effectively in neutral or acid 
solution, although they would still be effective in removing calcium 
ion. The removal of magnesium ion from the susceptible bloods 
might alter the permeability of erythrocytes in some manner which 
would result in the swelling and hemolysis e.g. by increasing the 
permeability to cations. However, these results are presented in this 
incomplete form not so much to indicate an explanation as to draw 
attention to a phenomenon which has complicated investigations of 
the transport of respiratory gases by fish blood. Circumstances 
make it unlikely that we shall be able to pursue this investigation 
further in the near future. 

Summary. The nucleated erythrocytes of certain fishes show 
progressive swelling and eventual hemolysis on the addition of 
fluorides. Oxalates and arsenates produce a similar effect but with 
less regularity. The nucleated erythrocytes of a turtle and a snake 
did not react in this way. 
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Effect of Arsenicals on Liver Lipids of Rabbits. 


P. L. MacLacuian. (Introduced by E. J. Van Liere.) 


From the Department of Biochemistry, School of Medicine, West Virginia 
University, Morgantown. 


Attempts to determine the effect of liver injury on the amount and 
distribution of the liver lipids have yielded widely divergent results. 
Theis’ found that the relation of phospholipid to neutral fat is quite 
constant for normal liver tissue and may be expressed as an equilib- 
rium, 55 to 60% phospholipid: 45 to 40% neutral fat. However, 
if the liver is damaged or diseased this relation is altered. The 
abnormal organs seldom show any change from normal in the 
amount of total lipid, but the proportion of phospholipid is greatly 
diminished apparently because of a failure to convert neutral fat to 
phospholipid. Results obtained by MacLachlan’ for white rats are 
at variance with those reported by Theis in two respects: (1) the 
proportion of total lipid present as phospholipid in normal liver tissue 
is considerably higher, and (2) no displacement of the normal phos- 
pholipid: neutral fat balance takes place as a result of liver injury. 
MacLachlan and Hodge*® found in cocaine-fed mice which showed 
extensive liver injury that the neutral fat and cholesterol contents 
increase greatly but the phospholipid content remains strikingly 
constant. This clearly shows that a change in the phospholipid to 
neutral fat ratio of the liver lipids from normal may result from 
a change in the neutral fat content only. 

Since arsenicals are capable of producing extensive necrosis of 
the liver with fatty degeneration, it was considered worthwhile to 
determine the effect of arsphenamine and neoarsphenamine poisoning 
on the amount and distribution of the liver lipids. 

Fourteen young adult rabbits of both sexes were maintained on a 
diet of Purina rabbit chow for 2 weeks prior to the experiment. To 
each of 4 rabbits, 50 mg per kg of arsphenamine were administered 
intravenously every third day until 5 doses were given; to each 
of another 2 animals, 5 doses of 75 mg per kg of neoarsphenamine 
were administered similarly. Thus the rabbits received a total 
of 250 mg per kg of arsphenamine or 375 mg per kg of neoarsphena- 
mine within 2 weeks. The remaining 8 animals served as controls. 


1 Theis, E. R., J. Biol. Chem., 1928, 76, 107; 1928, 77, 75; 1929, 82, 327. 
2 MacLachlan, P. L., Proc. Soc. Exp. Bion. AND Mep., 1936, 34, 31. 


27.721 


3 MacLachlan, P. L., and Hodge, H. C., J. Biol. Chem., 1939, 127, 7 
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A small portion of each liver was used for moisture determination. 
Lipid analyses were made on another portion by standard procedures, 
Bloor* and Boyd.° 

Histological examination of the livers showed moderate to 
severe necrosis with fatty degeneration as a result of the arsenical 
treatment. However, the results of the chemical analyses of the 
livers (Table 1) show that there are no significant changes from 
normal following the administration of either arsphenamine or 
neoarsphenamine. The neutral fat content of the treated animals, 
while showing more individual variation, is no greater in amount 
ihan that of the untreated animals. The constancy of the phospho- 
lipid content, moreover, does not support the idea that in liver 
injury neutral fat increases at the expense of phospholipid. The 
normal values obtained for the total lipid content and the ratio of 
phospholipid to neutral fat of the livers of rabbits following arsenical 
poisoning are in agreement with the observations of MacLachlan’ 
for rats following liver injury, but stand in marked contrast to the 
findings of MacLachlan and Hodge’® for cocaine-fed mice. Appar- 
ently a change in the phospholipid : neutral fat balance of the liver 

TABLE I. 


Liver Lipids of Rabbits Following Administration of Arsphenamine and Neo- 
arsphenamine. (Calculated on the basis of moist weight.) 


Total Phospho- Neutral Chole- Phospholipid : 


Rabbit Moisture, Lipid, lipid, Fat, sterol, Neutral Fatt 
No.* Jo % % %o % % 
1-C 71.9 4,42. 3.15 928 ou (Als FAL 
2-C ale 4.68 3.43 .873 .381 lies © Ie 
3-C wala 4.68 3.68 .666 Ol 79:14 
4-C 72.0 4.44 3.44 .669 n3aD 78:15 
5-C Moe 3.95 3.07 462 415 TSo 2 
6-C 70.7 4.23 3.45 487 297 82: 12 
7-C Gales) 4.01 3.22 516 278 80 : 13 
8-C 70.4 4.15 3.23 569 350 78:14 
Avg 71.6 4.32 Stoo .646 341 Bites abs 
9-A T3e 4.12 3.16 361 .600 ER NY 

10-A 74.3 4.11 3.44 PRY 433 84: 6 

11-A 72.0 4.43 3.62 By 67) 437 82: 8 

12-A 70.5 3.74 2.47 995, sds 66 : 26 

13-N 72.0 4.74 3.29 -960 390 70 : 20 

14-N hoeo 4.04 3.03 .645 .365 75 : 16 
Avg 72.5 4.20 Syl 595 417 76:14 


*C—Control; A—Arsphenamine ; N—Neoarsphenamine. 
+Expressed as per cent of total lipid. 


4 Bloor, W. R., J. Biol. Chem., 1928, 77, 53. 
5 Boyd, E. M., J. Biol. Chem., 1931, 91, 1. 
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following liver injury occurs only when there is a change (from 
normal) in the total lipid content of the organ. 

Summary. Liver injury in rabbits resulting from the adminis- 
tration of arsenicals in the form of arsphenamine and neoarsphena- 
mine cause no significant changes from normal in the amount or 
distribution of the liver lipids. 


The author wishes to express his appreciation to Dr. G. A. Emer- 
son of the Department of Pharmacology for furnishing the experi- 
mental material and to Dr. J. E. Andes of the Department of Path- 
ology for the histological examination of the tissues. 
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Effect of Chlorination of City Water on Virus of Poliomyelitis.* 


J. Emerson Kempr anp MAtLcoitm H. SouLe 
From University of Michigan, Ann Arbor. 


Water was considered in early reports concerning the transmission 
of poliomyelitis. This method of spread seemed unlikely when later 
experimental evidence favored an air-borne infection entering the 
host through the olfactory tract. However, Kling,’ observing 
European epidemics, reconsidered the question and additional 
evidence was accumulated incriminating water as a factor in the 
spread of the virus. 

Poliomyelitis virus was found in human feces as early as 1912° 
and these observations have been amply confirmed. Unfortunately 
the technic of Sawyer’ requiring a second monkey passage as an 
important criterion to verify the presence of the virus was ignored 
until 1938. In that year, Trask, Vignec, and Paul,* and Kramer, 
Hoskwith, and Grossman’ improved the technic of virus isola- 


* This work was aided by a grant from the Clara Ward Seabury Clinic for the 
Study of Infantile Paralysis. 

We are indebted to Mr. Harry McEntee, Supervising Chemist, Ann Arbor 
Water Softening Plant, for valuable assistance in this work. 

1 Kling, C., Bull. Office internat. d’hyg. pub., 1928, 20, 1779. 

2 Kling, C., Petterson, A., and Wernstedt, W., Communication Inst. méd. Etat, 
Stockholm, 1912, 3, 5. 

3 Sawyer, W. A., Am. J. Trop. Dis. and Prev. Med., 1915, 3, 164. 

4 Trask, J. D., Vignee, A. J., and Paul, J. R., Proc. Soc. Exp. Biot. AND MEDb., 
1938, 38, 147. 

5 Kramer, S. D., Hoskwith, B., and Grossman, L. H., J. Exp. Med., 1939, 


69, 49. 
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tion and included serial passage in monkeys. Using the new pro- 
cedure Paul, Trask, and Gard® detected the virus in sewage in the 
Charleston and Detroit epidemics of 1939. In addition, Kramer, 
Gilliam and Molner’ isolated the virus from stools of healthy 
contacts in a Detroit institutional outbreak. Others*~’ during the 
past year have succeeded in isolating the virus and carrying it 
through a second animal passage. 

The presence of the virus in human intestinal discharges led 
Levaditi, Kling and Lépine’ to investigate the effect of chlorination. 
A concentration of 4 parts per million (ppm) destroyed the virus 
in a cloudy tap water emulsion of infected monkey cord in 24 hours; 
0.40 ppm was equally effective with clarified preparations. The pH 
and temperature of the emulsions were not recorded. They con- 
cluded that chlorination by the usual methods was virucidal. This 
work is lacking in two essentials, namely, the minimum effective 
chlorine concentration, and the shortest effective contact period. The 
chlorine concentrations and contact periods they used were consider- 
ably in excess of those employed in this country. Because of lac 
of data on the virus-inactivating effects of chlorination as usually 
practiced, the problem was reinvestigated. 

Fresh water was obtained for each experiment from the Ann 
Arbor Water Softening Plant where the water is treated by the 
ammonia-chlorine process in which chlorine is present as chloramines. 
The chlorine content of the water was determined by the ortho-toli- 
dine test. Reducing substaices in the water did not interfere with 
its accuracy. The MV virus was selected for these experiments. 
It had a minimal infective dose of approximately 0.001 g of spinal 
cord. 

The suspensions to be tested were prepared by making a 10% 
emulsion of infected spinal cord in saline with subsequent centrifu- 
gation at 4,500 rpm (radius 10 cm). The supernatant contained a 
minimum amount of organic matter. This was desirable since 


6 Paul, J. R., Trask, J. D., and Gard, S., J. Bact., 1940, 39, 63. 

7 Kramer, S. D., Gilliam, A. G., and Molner, J. G., Public Health Rep., 1939, 
54, 1914. 

8 Lépine, P., and Sédallian, P., Comp. rend., 1939, 208, 129. 

9 Toomey, J. A., Arch. Ped., 1939, 56, 693. 

10 Howe, H. A., and Bodian, D., Proc. Soc. Exp. Biou. AND Mep., 1939, 41, 538. 

11 Stimpert, F. D., personal communication. 

12 Kempf, J. E., and Soule, M. H., unpublished. 

13 Levaditi, C., Kling, C., and Lépine, P., Bull. Acad. de méd., Paris, 1931, 
105, 190. 
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Mallman** and Fox’ demonstrated a protective effect on bacteria 
of organic matter in the presence of chlorine. 

In experiment 1, 2.0 cc of the supernatant were added to 100.0 
ce of chlorinated water and the same amount to a distilled water 
control. The initial chlorine content at the time of adding the virus 
was 0.58 ppm; this dropped to 0.10 ppm in an hour at which time 
2.0 cc of each solution were injected intracranially into monkeys. 
Both animals developed quadriplegia, the control in 6, the other in 
8 days. 

Experiments 2 and 3 (Tables I and II): One part of the virus 
suspension was diluted with 165. parts of chlorinated water; a dis- 
tilled water control was also prepared. Five minutes later the 
chlorine content, temperature and pH were determined. At stated 
intervals, monkeys were inoculated as in Experiment 1. The 
temperature readings were made at the time of each monky injection. 

Attention should be directed to the persistence of a chlorine 


TABLE I. 
Effect of Chlorination on MV Virus in 1:1650 Dilution.t 


Chlorine concentration, ppm 


“a ees 


5 min after Contact Time of 
Monkey Original exposure Attimeof period, Neurological onset, 
No. Conc. to virus inoculation hr signs days 

3 (Control) Quadriplegia* 112 

4 0.55 0.55 0.50 1% au BD 

5 0.55 0.55 0.35 4 Negative 

6 0.55 0.55 0.20 10 si 

i! 0.55 0.55 0.05 24 a 


*Histopathological picture was compatible with that of acute poliomyelitis. 
tTemperature 21-24°C; pH 8.5. 


TABLE II. 
Effect of Chlorination on MV Virus in 1:1650 Dilution.t 


Chlorine concentration, ppm 


\ th am = 
5 min after Contact Time of 
Monkey Original exposure Attimeof period, Neurological onset, 
No. Cone. to virus inoculation hr signs days 
8 (Control) Quadriplegia* 10 
9 0.80 0.55 0.40 1 ay 14 
XI nerve paralysis* 
10 0.80 0.55 0.40 2% Leg paralysis 10 
Arm paresis 
iil 0.80 0.55 0.25 5 Negative 


*Histopathology was compatible with that of acute poliomyelitis. 
t+Temperature 21-23° C; pH 8.3. 


14 Mallman, W. L., Mich. Eng. Exp. Sta., Bull. No. 59, 1934. 
15 Fox, L. A., Military Surgeon, 1936, 78, 329. 
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content of 0.50 ppm for 1% hours in Experiment 2, indicating a 
negligible chlorine demand by the organic matter. In Experiment 
3, apparently there was more organic material present because the 
residual chlorine dropped from 0.80 ppm to 0.50 in 5 minutes and 
to 0.40 ppm in 1 hour. The contact period required for inactivation 
of the virus was approximately the same in both instances. As an 
additional control 0.45 ppm was adequate to kill B. coli in a con- 
centration of 24,000 organisms per cc in % hour. 

In municipal practice, a residual chlorine content of 0.10 to 0.20 
ppm for % to 2 hours is considered adequate for the production of 
a safe water. The results in this paper indicate that a higher con- 
centration and a longer contact period are necessary to inactivate the 
virus of poliomyelitis. The possibility that drinking water, ade- 
quately chlorinated according to accepted standards, may be a factor 
in the epidemiology of poliomyelitis must be recognized as a result 
of these findings. As a corollary, attention is directed to the short- 
coming of this method for the protection of swimming pool water 
since carriers may discharge the virus from the intestinal tract or 
the naso-pharynx and the chlorine content of swimming pools is apt 
to drop significantly during the peak bathing loads. The need for 
more sensitive methods for detecting the poliomyelitis virus in water 
should be emphasized. Even persistently negative results would not 
necessarily assure the absence of the virus from water, because 
organisms such as B. typhosus are seldom found by direct bacterio- 
logical methods. 

Whether the aluminum hydroxide sedimentation process previous 
to chlorination would produce virus-free water cannot be answered 
in this paper. Experiments are being continued to determine 
whether the chlorine concentrations usually used in swimming pools 
are sufficient to inactivate the virus. 

Summary. Chlorine in a concentration of 0.5 ppm, which is an 
amount in excess of that usually employed in municipal practice, did 
not inactivate the virus of poliomyelitis in 1% hours. 
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Non-Induced Cardiopathie Disease in a Rabbit—Electrocardio- 
graphic and Pathologic Study. 


JAN Nysoer. (Introduced by Maurice Bruger. ) 


From the Department of Medicine, New York Post-Graduate Medical School and 
Hospital, Columbia University, New York City. 


The recognition of heart disease in experimental animals would be 
a great asset in the selection of healthy animals. Millert has shown 
that spontaneous interstitial myocarditis existed in rabbits. Refer- 
ence to the electrocardiographic diagnosis of non-induced cardiac 
disease in laboratory animals was not found in the literature. How- 
ever, many electrocardiographic studies on induced heart disease 
have been made.** Seifried’ referred to pathologic studies in 
rabbits with heart disease. 

In a preliminary control electrocardiographic study on 16 three- 
month-old rabbits, there was a definite variation in the voltage, 
rhythm and form of the electrical complexes. The electrocardiogram 
of rabbit No. 7 in this series diverged definitely from the average so 
that a diagnosis of acute myocardial disease was suggested. This 
tracing also indicated the possibility that the disease might be 
localized in the myocardium. 

This rabbit was received in a shipment one week previously and 
no known experiments had been performed on it. General observa- 
tions showed the animal to be drowsy, inactive, and anorexic. The 
rectal temperature was 103° F. on the day the electrocardiogram was 
taken. Inanition continued for 2 days. On the third, the rabbit 
was found dead in its cage. On autopsy, a gross inspection of the 
body, lungs and abdominal viscera showed no demonstrable pathol- 
ogy. The epicardium, however, was adherent to the right antero- 
lateral chest wall. No pericardial effusion was present. By com- 
parison with normal hearts it measured about the same size. The 
heart was placed in formalin, sectioned and stained with hemotoxylin 


and eosin for microscopic study. 
Figure I. shows electrocardiograms of a control rabbit and of 


1 Miller, C. P., J. Exp. Med., 1924, 40, 524. 

2 Agduhr, E., and Stenstrom, N., The Appearance of the Electrocardiogram in 
Heart Lesions Produced by Cod Liver Oil Treatment, Almquist and Wiksells, 
Uppsala, 1930. 

3 Johnston, F. D., Hill, I. G. W., and Wilson, F. N., Am. Heart J., 1935, 10, 903, 

4 Wood, F. C., and Wolferth, C. C., Arch. Int. Med., 1933, 51, 771. 

5 Seifried, O., Krankeiten des Kannichens, Julius Springer, Berlin, 1937. 
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rabbit No. 7.. The control animal exhibited only slight variations in 
the contours of its electrocardiograms during 4 months of observa- 
tion. Significant variations in the standard leads Cl Sh eLh) sate 
of the exploring right and left chest leads paired with the indifferent 
left leg electrode were observed in rabbit No. 7 as compared with the 
control observations. 


CONTROL - : NO. 7 


Mig. 1 
_ Diagram of a normal (control) and the abnormal rabbit electrocardiograms 
(rabbit No. 7) taken in all leads at normal sensitivity and adapted to the new 
terminology for the exploratory leads. 
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PLATE 1. 
A section through rabbit No. 7 myocardium, approximately midway between 
the apex and the auricular juncticn. Low power magnification. 


The chief objective differences between these graphs were defined 
by describing the deviations in the abnormal electrocardiogram of 
rabbit No. 7. The presence of the Q, of 2.8 mm, the depressed 
RS-T, of 1.7 mm, the inverted. T, of 1.7 mm, the elevated 
RS-T, of 1.4 mm were probable deviations from the normals, but 
the T, and T; in the standard leads were upright and not definitely 
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abnormal. The right chest exploring lead showed no evidence of a 
QO wave, but a markedly elevated RS-T segment, associated with an 
upright T wave. The left chest exploring lead showed a deep Q 
wave and a markedly depressed RS-T segment associated with an in- 
verted T wave. These RS-T deviations are definitely abnormal. The 
voltages of the chief QRS deflections in all the leads appeared greater 
than those observed in normal rabbits. In general, the rate of 300 per 
minute was faster than the average of normal rabbits studied. 


F PLATE 2. 
Magnification of Plate 1 section in the marked inset showing scattered areas 


of normal, necrobiotic, and necrotic tissue beneath the endocardium and of the 
papillary muscle. 
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Microscopic sections through different levels of the myocardium 
of a normal rabbit showed the muscle bundles sharply outlined and 
the nuclei well stained. No evidence of degeneration or inflamma- 
tion was present. Sections through the myocardium of rabbit No. 
7 showed (Plates 1 and 2) areas of necrosis everywhere, chiefly 
affecting the muscle and largely involving the right ventricle and 
interventricular septum. In the left ventricle the areas of necrosis 
were chiefly beneath the endocardium. The papillary muscles were 
prominently affected. Slight periarterial infiltration was present and 
areas of necrosis were seen in both the auricular walls. The antero- 
lateral ventricular epicardium showed a hyaline fat necrosis. The 
pathological diagnosis was degeneration and necrosis of the myo- 
cardium. 

Summary. The incidence of non-induced cardiopathic disease 
among laboratory animals may greatly alter the prognosis, course 
and reaction to given control or experimental conditions. Disease 
of the myocardium as confirmed by pathologic studies may greatly 
alter the electrocardiogram in the rabbit. The changes found sug- 
gesting a localized lesion of the ventricle by the electrocardiogram 
were not supported by pathologic studies. Since bacteriologic studies 
were not done, no conclusive evidence as to the etiology of the myo- 
carditis was suggested. 


11483 


Variability of Action on Heart Rate Compared with Metabolic 
Effect of Various Thyroid Preparations. 


ARTHUR E. MEYER AND H. DANow 
From the Research Laboratory of The Maltine Company, Brooklyn, New York. 


In our previous publication’ we have shown that certain thyroid 
preparations fed to thyroidectomized rats exert a stimulating action 
on the heart rate which varied from one product to the other in its 
relation to the corresponding metabolic increase obtained. While 
in 2 U.S.P. thyroid preparations the cardiac effect prevailed, thy- 
roxine and thyroid globulin proved to be of low action on the heart 
if given at a dose to produce an equal metabolic response. It was 
shown furthermore, that alkaline hydrolysis of thyroid globulin 


1 Meyer, A. E., and Yost, M., Endocrinology, 1939, 24, 806. 
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caused the formation of 2 split products, representing essentially 
the thyroxine and diiodotyrosine fractions, which differed widely 
in the degree of their metabolic potency, but which both showed a 
quite conspicuous action on the heart. It was concluded that hydro- 
lysis produced a heart stimulator from either the thyroid hormone 
itself or from some unspecific substance contained in the material 
subjected to hydrolyzing agents. The question whether or not the 
heart stimulation obtainable with U.S.P. thyroid was caused by a 
substance contained originally in the gland, or to some split product 
formed by post-mortem changes could not be decided upon. 

In continuation of this work we compared a number of other 
thyroid preparations, either dried gland powders of different com- 
mercial provenience or extracts prepared from thyroid, with respect 
to metabolic effect and action on heart rate, using the same technic 
as described before,” which consisted in feeding the medication 
(calculated in gamma per 10 g body weight) for 3 days and de- 
termining the metabolic and heart effect on the fifth day. 

Samples of dried whole thyroid (U.S.P.) used in our previous 
work gave the standard metabolic response of 30% increase at a 
dosage of 310 to 320 y, corresponding to 0.62 to 0.64 y of iodine. 
In the following experiments the dosage producing 30% metabolic 


TABLE I. 
Quantity of 
material 
after 
dilution to 
0.2% 1 Quantity of Avg heart 
Actual . content, thyroxine stimulation 
iodine producing contained in obtained 
content of 27-32% quantity at about 
undiluted metabolic given in 30% ine. of 
product, stimulation, column 3 metabolism, 
Product tested % y y Before After Iner. 
d,l-thyroxine as Na salt 65.0 244 75 1905-9220) —— 30 
Thyroid Globulin 
No. 123 565 260 23 LS0R= 5210s 80 
134 .78 293 25 1905-226) 36 
136 72 310 22 188 - 386 = 48 
141 44 275 27 UND = RY es BY 
143 .76 289 26 USO) = PAIRS > BP 
UES sRaeAc 2 320 .30 185 - 340 = 155 
W-1 465 309 25 UID = Boa a= alyas) 
U.S.P. W-2 2 240 19 WO > Sil) se Tale) 
W-3 63 236 20 195 - 284 — 89 
WHS (C. 23 320 .26 192 - 275 = 83 
WHSHIRS We 2 320 — 19 0R 23a Sa 
Thyroid Ext. P. 3 300 — L905 S270) — So 
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2 Meyer, A. E., and Wertz, A., Endocrinology, 1939, 24, 683. 
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response was determined in every instance and the effect on the 
heart rate obtained simultaneously was noted. 

Since not all these preparations were U.S.P. and some had a 
higher iodine content, the products were diluted with milk-sugar to 
contain 0.2% iodine in order to obtain comparable figures. 

The table giving the averages, obtained on 6-12 rats in each 
case, shows that the metabolic effect in a large percentage of prepara- 
tions is proportionate to the iodine content, the standard dose being 
about 300 y, but that deviations even in U.S.P. thyroid do occur, as 
shown in sample W-2 and W-3. The effect on the heart was not in 
proportion with the metabolic efficiency, confirming our previous 
findings that both effects are to some extent independent. 

The commercial thyroid protein, claimed to be ‘detoxified,’ gave 
a relatively low heart stimulation but a 50% higher dosage was 
required for the standard metabolic effect. The thyroxine content 
of the products was determined by the Leland-Foster method.* 
From the data presented in the table the ratio between thyroxine 
and metabolic effect seems to be slightly more variable than that 
between iodine and that action, the quantity in the dosage varying 
from 0.19 to 0.3 y. 

Incidentally, iodized protein and peptone supplied by Dr. W. T. 
Salter, Thorndike Memorial Laboratory, Boston, gave proportion- 
ate metabolic responses in agreement with clinical tests but induced 
practically no heart acceleration.* * 

The observation mentioned above that hydrolysis of the thyroid 
globulin produces split products of strong action on the heart was 
met with the criticism that this effect might be due to some un- 
specific product of decomposition obtainable by hydrolysis from any 
animal tissue and perhaps present in the commercial product of high 
effect on the heart as a consequence of autolytic changes in the struc- 
tural elements of the gland tissue occurring before the drying 
process was completed. 

To answer the question beef muscle was minced and subjected to 
hydrolysis. The water-insoluble part was extracted with alcohol 
and both aqueous and alcoholic extract combined and evaporated. 
The extract did not show any sign of metabolic effect when tested 
on rats nor did it affect the heart rate. It was admixed to a standard- 
ized thyroid globulin that at 85 y dosage per 10 g given 
for 3 days produced a metabolic increment of 30% and heart rate 
increase of about 25 beats per minute. The figures obtained by the 


3 Leland, J. P., and Foster, G. L., J. Biol. Chem., 1932, 95, 165. 
4 Lerman, J., and Salter, W. T., PRoc. Soc. Exp. Bron. AND MeEp., 1938, 38, 94. 
5 Salter, W. T., and Lerman, J., Trans. Assn. Am. Phys., 1938, 58, 202. 
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use of the mixture were absolutely identical. The conclusion, there- 
fore, is justified that the heart stimulator is not a split product ob- 
tainable by hydrolysis from this type of animal tissue. 

Conclusions. The iodine content in thyroid preparations seems to 
be an approximate guide for the estimation of metabolic effect; 
however relatively large deviations do occur in some products. The 
effect on the heart is not relatel to the metabolic action. The thy- 
roxine content has still less demonstrable proportionality to either 
physiologic effect. While hydrolysis of thyroid globulin increases 
its heart action hydrolysate from muscle tissue is inert in that 
respect. 
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Growth-Stimulating Effect of Testosterone Propionate.* 


H. S. RuBINSTEIN AND M. L. SoLomon. 


From the Research Laboratory, Surgical Division, Sinai Hospital, Baltimore, Md. 


For this purpose 24 male albino rats of Wistar Institute strain 
were used. Of these 12 animals were treated (test group) and 12 
served as untreated controls. All animals were kept under similar 
conditions, Purina Dog Chow used as food, and water were con- 
stantly present. In addition, green vegetables were given twice weekly. 
The treated animals received daily (except Sunday) intraperitoneal 
injections of 0.05 mg testosterone propionate (Perandren) for 53 
days beginning at 26 days of age. Control animals remained 
uninjected. 

Weights were taken at 26 days of age and weekly thereafter. 
Twenty-four hours after the last injection, 1.e. at 80 days of age, 
all animals were anesthetized with ether, their carotid vessels were 
cut and exitus was allowed to result from bleeding. Body lengths 
measured from the tip of the snout to the anus were then determined. 

All data were treated statistically’ and observed differences 
between test and control groups were considered as being probably 
significant only if the “significance ratio” was 3 or more. 


* The authors gratefully acknowledge the aid of the Ciba Pharmaceutical 
Products Company, Inc., for partially defraying the expenses of this study and 
for furnishing the testosterone propionate (Perandren) used. 

1 Pearl, R., Medical Biometry and Statistics, second edition, Saunders, Phila- 
delphia, 1930. 
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Results. Initial body weights of the control (45.74 2.3 g) and 
test groups (45.2 + 1.6 g) showed no significant difference (0.5 
+= 2.8 g). The observed difference of 19.7 + 4.7 g between the 
final body weights of the test (193.8 + 3.8 g) and control (174.1 
+ 3.0 g) animals in favor of the treated group, however, was 
probably significant. Likewise, the difference in final body length 
of 12.0 + 3.6 mm in favor of the treated group (203 + 2.8 mm) 
as compared to the controls (191 + 2.7 mm) was also probably 
significant. 

The significant increase in body weight and length of animals 
treated with small doses of testosterone propionate stands in contrast 
to the growth-inhibiting influence of large doses of this same 
hormone.” A statement concerning the effect on length is included 
although initial body lengths were not taken. This was deemed 
permissible since the test and control animals had originally shown 
no significant difference in body weight. Body lengths, which are 
normally so highly correlated with body weights® may therefore be 
assumed to have been approx'mately similar before treatment was 
begun. The gain in body weight of approximately 11% may not 
appear very large but when one recalls that growth curves of animals 
treated with substances lacking growth-stimulating properties re- 
main essentially parallel* and the difficulties encountered in trying 
to stimulate growth during the early age period of the albino rat,’ 
any gain must be considered seriously. 

Conclusions. Testosterone propionate administered intraperi- 
toneally to male albino rats in doses of 0.05 mg daily (except 
Sunday) from 26 to 80 days of age led to a probably significant in- 
crease in body weight and length. This growth-stimulating effect 
of small doses of testosterone propionate stands in contrast to the 
growth-depressing effect of large doses of the same hormone. 


2 Rubinstein, H. S., Kurland, A. A., and Goodwin, M., Endocrinology, 1939, 
25, 724. 

3 Donaldson, H. H., The Rat, Memoirs of the Wistar Institute of Anatomy 
and Biology, Philadelphia, 1924. 

4 Rubinstein, H. S., J. Comp. Newr., 1936, 64, 3. 

5 Rubinstein, H. S., Bull. Sch. of Med., University of Maryland, 1933, 17, 163. 
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Action of Gramicidin on Streptococci of Bovine Mastitis. 


R. B. Lirtre, R. J-Dusos, Ann Ky Ds Horenxiss 


From the Department of Animal and Plant Pathology and the Department of the 
Hospital, The Rockefeller Institute for Medical Research, Princeton, N. J., and 
New York, N. Y. 


Gramicidin—an alcohol-soluble, water-insoluble substance iso- 
lated from cultures of a sporulating bacillus—has been shown to exert 
a marked bactericidal effect against gram-positive microorganisms, 
both in vitro and in vivo. It has been found for instance that 0.002 
mg of this substance injected intraabdominally into white mice, 
exerts a therapeutic action against experimental peritonitis caused 
by pneumococci and streptococci; gramicidin, however, has proved 
almost completely ineffective when administered by the intravenous, 
intramuscular, or subcutaneous route.** 

It is known that in the chronic form of bovine mastitis caused by 
Streptococcus agalactie (Lancefield group B), the infection is con- 
fined to the infected quarter of the udder and rarely results in a 
demonstrable systemic disturbance. It appeared of interest, there- 
fore, to determine whether gramicidin, when injected into the 
infected quarter, would destroy the streptococci causing the mastitis. 

A number of cases of chronic mastitis were selected for study and 
it was established by daily bacteriological examination of the milk 
that the numbers of streptococci remained high (over 100,000 per 
cc of milk) during a period of several weeks prior to treatment. 

The toxic reactions which result from the injection of gramicidin 
into the bovine udder and a convenient methed of administration of 
the substance, were determined on 2 cows suffering from chronic 
mastitis. These animals received repeated treatments with increas- 
ing amounts of gramicidin diluted in Ringer’s solution, which proved 
very irritating, and later in distilled water, which was more satis- 
factory. The following technic was finally adopted for the treat- 
ment of each individual quarter. Gramicidin in amounts of 60 to 
240 mg was diluted in 1000 ce of double distilled sterile water at 
40° C. Following the morning milking, the residual milk in the 
cistern and in the teat was flushed out with 100 to 200 cc of a dilute 
solution of gramicidin; 800 to 900 cc of the preparation were then 

1 Dubos, R. J., J. Exp. Med., 1939, 70, 11. 


2 Dubos, R. J., and Cattaneo, C., J. Hap. Med., 1939, 70, 249. 
3 Hotchkiss, R. D., and Dubos, R. J., J. Biol. Chem., 1940, 182, 791. 
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injected under pressure into the quarter and allowed to remain until 
the next milking. Within one hour after the injection, the treated 
quarter became distended and the rectal temperature began to in- 
crease, reaching 41° C at the 5th or 6th hour. The temperature 
returned to nearly normal in about 3 hours thereafter, and the 
acute swelling had about subsided at the next milking. 

Repeated treatments of the 2 animals mentioned above failed to 
eliminate permanently the streptococci from the infected quarters. 
This may be explained in part by the inadequacy of the method of 
administration of the bactericidal substance and also by the fact that 
these 2 animals were well advanced in their lactation periods and that 
the infected quarters were severely indurated. 

Three cows less advanced in the lactation period were selected for 
the following tests. Nine infected quarters were treated, one of 
which had been inoculated artificially and allowed to carry an infec- 
tion for 17 days before treatment. Repeated treatments failed to 
eliminate the streptococci from 2 quarters. Five treatments were 
required to sterilize one of the quarters which was moderately in- 
durated. These repeated treatments stimulated the production of 
fibrosis and resulted in a decrease in milk-secretion. The streptococci 
disappeared from the other 6 quarters (in 5 cases after a single 
treatment ) without an appreciable decrease in milk production. The 
fact that streptococci had been eliminated was established by daily 
bacteriological examination of the milk over periods ranging from 
15 to 81 days. 

Before the effectiveness of gramicidin in the control of bovine 
mastitis can be determined, a larger number of animals must be 
treated and observed over a longer period of time. The influence 
of fibrosis, the state of the lactation, the competency of the closing 
mechanism of the teat, and other factors will have to be considered. 
While the streptococci were not eliminated from all of the treated 
quarters, they were markedly decreased after each treatment, and the 
findings thus confirm the results obtained in mice, namely, that 
gramicidin, when injected directly into an infected focus, exhibits 
a definite bactericidal effect against streptococci. 
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A Comparison of Interstitial Cell-Stimulating, Ovarian-Stimu- 
lating, and Inhibiting Actions of Pituitary Glands of 
Different Species. 


ELEANOR WEsT AND H. L. FEVOLD. 


From the Biological Laboratories, Harvard University. 


There is very little data concerning the luteinizing hormone 
content of various kinds of pituitaries which are used in experi- 
mental work. It has not been accurately established in what amounts 
the gonad-stimulating hormones exist in the pituitaries of different 
species of animals. Recently a method of assay has been described 
which permits the accurate determination of the LH present in 
pituitary tissue in the presence of the other gonadotropic factor 
FSH.* In most assay methods the FSH acts synergistically with 
LH, and thus confuses the results. 

Likewise, there are no data available regarding the capacity of 
pituitary glands from different species to inhibit the action of FSH 
in producing follicular development in the ovaries of immature rats. 
It has been variously reported (a) that this factor is separate and 
distinct from the follicle-stimulating and the luteinizing hormone® * 
and (b) that it is the luteinizing hormone which produces this effect 
under the proper conditions.* ° 

This paper reports the quantitative assay of the LH content and 
also the inhibiting action of the pituitary glands of sheep, hog, and 
beef. The potencies of these pituitary tissues in stimulating ovarian 
development in the immature female rat are also recorded to give 
a comparative idea of the FSH potency. 

Methods of Assay. The increase in the weight of the seminal 
vesicles of immature male rats has been used as a measure of the 
luteinizing hormone, since it has been shown that the LH stimulates 
the production of male hormone in the male rat.* It was also shown 
that FSH augments the action of LH in the production of male 
hormone,° so that in its presence the results were not a true measure 


1 Fevold, H. L., J. Biol. Chem., 1939, 128, 83. 

* Evans, H. M., Korpi, K., Pencharz, R. I., and Simpson, M. E., Univ. Calif., 
Pub. Anat., 1936, 1, 237. 

3 Bunde, C. A., and Hellbaum, A. A., Am. J. Physiol., 1939, 125, 290. 


4 Jensen, H., Simpson, M. E., Tolksdorf, S., and Evans, H. M., Endocrinology, 
1939, 25, 57. 


5 Fevold, H. L., and Fiske, V. M., Endocrinology, 1939, 24, 823. 
6 Greep, R. O., Fevold, H. L., and Hisaw, F. L., Anat. Rec., 1936, 65, 261. 
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BriGURE  E 
RESPONSE OF THE SEMINAL VESICLES OF 
IMMATURE MALE RATS TO A CONSTANT AMOUNT 
OF LH INJECTED FOR VARIOUS LENGTHS OF TIME 
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of the LH. However, if the pituitary material is injected intraperi- 
toneally, FSH is no longer effective, while LH is as active as when 
injected subcutaneously. It is thus possible to negate the augment- 
ing action of FSH, and the LH activity can be accurately determined. 

The pituitary extract was injected intraperitoneally twice daily, 
morning and evening, in 0.25 cc doses into immature male rats (21 
days old) for 4 days, since it was found that injections of a constant 
amount of LH given for this length of time resulted in the maximum 
response of the seminal vesicles. (Fig. I.) 

A unit of LH is taken as the smallest amount of pituitary tissue 
necessary to produce a 100% increase in the weight of the seminal 
vesicles of the injected animals over those of the uninjected controls. 

The inhibiting potency of the pituitary glands was determined in 
the following manner. Enough FSH was given subcutaneously 
over a period of 4 days to immature female rats (21 days old) to 
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produce an increase of 300% in the weights of the ovaries. The 
pituitary preparations to be tested were injected simultaneously 
intraperitoneally and an inhibiting unit was taken as that amount 
of pituitary material which would reduce the response to 150%. 

The ovarian-stimulating potency was determined by injecting the 
preparations twice daily for 4 days into immature female rats (21 
days old) and weighing the ovaries the morning of the fifth day. 
At the time of autopsy the ovaries were also observed to determine 
if they were primarily follicular or luteinized. 

Preparation of Materials to be Tested. Acetone-desiccated 
pituitary powders or fresh pituitary tissue were extracted with an 
alkaline solvent at pH 8.0, and the extractives precipitated with 
acetone. The precipitate was thoroughly extracted with distilled 
water to remove the gonadotropic hormones, leaving as a residue 
the material rendered insoluble by the acetone precipitation, 
apparently because of denaturization. The aqueous extracts 
were then dried and stored as powders. This water-soluble 
material was always precipitated with tannic acid before in- 
jections, and injected as fine aqueous emulsions. In this manner the 
absorption rate should be as nearly equal from preparation to 
preparation, irrespective of the impurities, thereby avoiding one 
source of error. 

Results. Table I presents the results of the assay of pituitaries of 
different species for the luteinizing hormone. It is at once apparent 
that sheep pituitary glands are the best source of LH and that beef 
pituitary glands contain the least. With the hog pituitary materials 
the results vary considerably, but in all cases the LH content is lower 
than in those of sheep. In 2 of the hog preparations very small 
amounts of LH were present, as indicated not only by the inability 
of these 2 preparations to stimulate male hormone secretion but also 
by the fact that the ovarian development, produced by these 


TABLE I. 
Interstitial Cell-Stimulating, Ovarian-Stimulating, and Inhibiting-Actions of 
Pituitary Tissue of Sheep, Hog and Beef. 


Ovarian Inhibiting Ratios 
LH content, development, action, ——s 7 

Preparation Ru/Kg Ru/Kg Ru/Kg LH/ov. Lh/inhib. 
Sheep pit. powder 143,000 16,000 9.0 
Fresh sheep pit. 20,000 20,000 1.0 

”) ” ” 30,000 10,000 120,000 3.0 0.25 
Hog pit. powder 2,000 12,500 0.16 
Fresh hog pit. 1,666 20,000 0.08 

” of DS 5,000 15,000 20,000 0.33 0.25 

74 “beef 27 1,666 625 2.6 

Ue LO 2 2,000 666 10,000 1.6 0.2 
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preparations, was mainly follicular, with very little luteinization. 
The third hog preparation contained considerable amounts of LH. 
It is possible that this variation may be due to a difference in the 
physiological state of the animals being slaughtered at the time the 
various batches of pituitary glands were being collected, for it is 
well known that the pituitary glands of castrated animals contain 
less LH than do those of normal individuals. 

The inhibiting action of sheep, hog and beef parallel their LH 
content, and the ratio of LH units to inhibiting units was a constant. 
This would lend support to the belief that the inhibiting property of 
pituitary extracts may be due to the luteinizing hormone.* ° 

Hog and sheep pituitary glands are approximately equally active 
in producing ovarian enlargement. This does not mean, however, 
that hog and sheep glands are equal in FSH potency, but rather that 
those of the hog have more FSH than those of sheep,, This is indi- 
cated because there is more LH present in sheep pituitary prepara- 
tions than in those of hogs. Ovarian development produced by 
unfractionated extracts is due to the interaction of FSH and LH. 
Consequently more FSH must be present in hog pituitary glands 
with the relative small amount of LH in order to produce the same 
ovarian enlargement as is produced with sheep preparations, which 
are rich in LH. The ovaries produced with sheep preparations were 
always heavily luteinized while those elicited by the injection of 
hog substance were mainly follicular, 

Beef pituitary glands produce very little ovarian development and 
are therefore a poor source of FSH as well as LH. 

Summary. (1) It was found that sheep pituitary glands contain 
the greatest amount of LH, while those from cattle had very little. 
Hog pituitary glands showed great variation with respect to LH 
content but in all cases contained much less than sheep glands. (2) 
The inhibiting action of the pituitary preparations paralleled their 
LH content. (3) Hog and sheep pituitary glands are approxi- 
mately equal in producing ovarian hypertrophy. Hog preparations 
produced mainly follicular development while those of sheep caused 
the development of heavily luteinized ovaries. Hog glands, there- 
fore, contain more FSH than those of sheep. Beef pituitary glands 
are a very poor source of FSH. (4) The FSH and LH content of 
different lots of pituitary glands of the same species varies within 
wide limits. Nevertheless, those of each species show definite 
characteristics, with respect to their FSH and LH content. 
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Effect of Three Synthetic Steroid Compounds upon Weight and 
Work Performance of Adrenalectomized Rats.* 


Dwicut J. Incite. (Introduced by F. D. W. Lukens.) 


From the George S. Cox Medical Research Institute, University of Pennsylvania, 
Philadelphia. 


The compound 11-desoxy-corticosterone acetate is the most active 
of the known steroid compounds in respect to its property of main- 
taining life of adrenalectomized animals. This compound (sub- 
stance A) may be characterized as pregnene (4:5)—ol(21)-—dione 
(3,20) acetate; its immediate precursor in the laboratory synthesis 
is (substance B) pregnene (5:6) diol (3,21) one (20) 21-mono-ace- 
tate; a third compound, (substance C) pregnene (4:5) triol (17,20, 
21) one (3), was synthesized by Serini and Logemann.* In sub- 
stance C the stereochemical arrangement at carbon 17 is opposite to 
that of those steroids occurring in the adrenal cortex which also 
have a hydroxy group at carbon 17. In these studies substance B 
was found to possess definite biologic activity altnough to a much 
less extent than substance A, and substance C appeared to be inactive 
in the doses tested. 

Male rats of the Sprague Dawley strain which weighed approxi- 
mately 180 g were used in these experiments. The diet was Purina 
Dog Chow. Bilateral adrenalectomies were performed in one stage 
under ether anesthesia. The test substances were dissolved in 
sesame oil and administered by subcutaneous injection twice daily. 
The amount of sesame oil injected was kept constant at 1 cc per day 
for each rat. Ten animals were maintained for 7 days without 
treatment. Eighty-one rats were treated for 7 days. On the 7th 
day each animal was weighed and then subjected to the work test. 
The animals were anesthetized with phenobarbital sodium. The left 
gastrocnemius muscle was weighted with 100 ¢g and stimulated to 
contract 3 times per second. Each animal received 5 cc of water 
twice daily by subcutaneous injection for as long as the animal con- 
tinued to work. In all of the experiments stimulation was continued 


*I wish to express my appreciation to Dr. E. Schwenk, Schering Corporation, 
Bloomfield, N. J., for the samples of substance A and substance B; and to Dr. 
hk. D. Shaner, The Organon Co., Nutley, N. J., for the sample of substance ©. 

1Serini, A., and Logemann, W., Berichte der Deutschen Chem. Gesellschaft, 
1938, 71, 1362. 
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until the muscle ceased to respond. The details of the method have 
been described.* * 


Seven days following adrenalectomy the average body-weight of 


TABLE I. 
Substances 
va a, 
pregnene (4:5) pregnene (5:6) pregnene (4:5) 
ol (21) dione (3,20) diol (3,21) one (20) triol (17,20,21) 
acetate acetate one (3) 
Daily dose —_ — 7 on 
mg Wt,g Work Wt,g Work Wt,g Work 
0.01 176 1543 
180 2251 
181 1525 
174 1221 
0.03 186 3243 153 551 
195 1810 172 1292 
194 1971 152 1209 
182 3532 167 613 
0.06 196 3745 140 dead 
198 1929 176 1385 
204 3283 166 882 
198 1743 170 1410 
0.12 204 3050 178 2187 
196 3984 162 1606 
193 4152 178 2770 
189 5956 ILA 2074 
0.25 210 5624 183 2263 
214 4090 182 26 
188 6695 183 2366 
206 10024 196 2630 
0.50 216 3392 200 3910 139 16 
204 2405 187 2234 158 857 
186 5725 202 3085 170 830 
191 6890 209 3096 153 1145 
1.00 198 8059 186 2586 137 463 
183 6024 205 3464 152 1082 
190 9622 220 3596 153 1467 
200 10355 207 3684 178 1673 
2.00 222 18494 211 3496 145 924 
197 6645 204 2812 160 1781 
200 13289 209 4291 165 921 
212 11371 188 4490 157 625 
5.00 200 12019 211 3496 154 756 
196 11149 204 2812 
198 12806 209 4291 
203 3935 188 4490 


2 Heron, W. T., Hales, W. M., and Ingle, D. J., Am. J. Physiol., 1934, 110, 357. 
3 Ingie, D. J., Am. J. Physiol., 1936, 116, 622. 


452 INHIBITION OF ESsTRIN-DEPRIVATION BLEEDING 


the 10 untreated rats was 150 g with a range of 134-163; the amounts 
of work performed averaged 1276 recorder revolutions with a range 
of 56-2399. . Each recorder revolution is equivalent to approximately 
400 g-em of work. The values for body-weight and for work of 
the treated animals are presented in Table I. 

As evidenced by the effect of these substances upon body-weight 
and upon work performance, the presence of a hydroxy group 
instead of a keto group on carbon 3 of the pregnene nucleus decreases 
but does not destroy these biologic effects of the compound. This 
compound was reported by Waterman and co-workers* to maintain 
the health of adrenalectomized dogs. The alteration of the molecule 
to the structure of substance C brought a still greater loss of activity 
so that substance C appeared to be biologically inactive in these 
tests. Earlier studies® ° have demonstrated that although the work 
performance of adrenalectomized rats treated with substance A is 
improved over that of untreated animals, it remains very small as 
compared to sham operated animals. Similar values for work 
performance of animals treated with substance A were obtained in 
this study. 
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Inhibition of Estrin-Deprivation Bleeding in Rhesus Monkey with 
Testosterone Derivatives Variously Administered.* 


A. R, ABARBANEL. (Introduced by Carl G. Hartman.) 


From Morrisania Hospital, Bronz, New York City. 


Testosterone and its acetic and propionic acid esters have been 
shown to inhibit uterine bleeding in the castrate macaque primed 
with estrogens.* In the present experiments a similar effect was 
attained with methyl-testosterone and ethinyl-testosterone (preg- 
neninolone) and with testosterone di-propionate administered in 


+ Waterman, L., Danby, M., Gaarenstroom, J. H., Spanhoff, R. W., and Uyldert, 
I. E., Acta Brevia Neerlandica, 1939, 9, 75. 


5 Ingle, D. J., Endocrinology, 1940, 26, 472. 

6 Ingle, D. J., Endocrinology, in press. 

* The writer as well as the staff of the Carnegie Laboratory of Embryology 
whose hospitality the writer enjoyed, acknowledges with thanks the generosity of 
the Ciba Corporation for the generous supply of the testosterone compounds and 
to E. R. Squibb and Sons for keeping the laboratory supplied with Amniotin. 

1 Hartman, C. G., Proc. Soc. Exp. Bron. AnD Mep., 1937, 37, 87. 
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sesame oil. Some success also followed the oral administration 
of testosterone propionate given with bile salts, and of methyl and 
ethinyl testosterone. These experiments were carried out in the 
thesus colony of the Carnegie Laboratory of Embryology, Baltimore, 
Maryland, in the spring of 1939. 

1. Testosterone dipropionate. 5 mg daily injected into castrated 
monkey No. 584 for 16 days (June 12-27), after duly priming with 
estrogen (Amniotin-Squibb), inhibited bleeding and produced the 
usual’ moderate proliferation of the endometrium, which measured 
up to 2.5 mm in thickness. The vaginal wall showed a fairly thick 
Dierks layer. 

2. Methyl Testosterone. A. Administered parenterally. Monkey 
No. 596, a castrate, bled April 12, 1939 after injections of stil- 
boestrol and was re-primed with the usual 100 R.U. of Amniotin for 
9 days (April 17-25). From April 25 to May 20 incl., 5 mg of 
methyl testosterone in sesame oil were injected subcutaneously daily 
except Sunday; the animal was sacrificed on May 22. The prolifera- 
tive action of the hormone was mild but bleeding was successfully 
inhibited. 

B. Hormone pellets placed subcutaneously. In castrated monkey 
No. 584, after due priming with estrogen, eight 3 mg pellets of 
methyl testosterone were implanted subcutaneously at the end of the 
injections, April 22, 1939; 5 additional pellets on April 29. No 
bleeding had occurred by May 12 when biopsies were made. Results 
as in preceding. 

C. Hormone administered orally. Beginning on the eighteenth 
day of a non-ovulatory cycle, 10 mg of methyl testosterone were fed 
to intact monkey No. 628 to see if the hormone might extend the 
cycle beyond the maximum of 31 days characteristic of this animal. 
Feeding was continued through day 46 of the cycle and no bleeding 
had occurred by day 52, when endometrial biopsies were taken. While 
bleeding was absent, the endometrium showed almost no proliferative 
activity, not a single mitotic figure being seen. The organ might 
almost be called atrophic. : 

3. Ethinyl Testosterone (pregneninolone, anhydro-oxy-proges- 
terone). A. Administered parenterally. Monkey No. 613, a castrate, 
was primed from May 16-23, 1939, with 100 R.U. of estrogen 
(Amniotin) daily. From May 24 to June 10 five mg of ethinyl 
testosterone in sesame oil were injected daily. No bleeding had 
occurred by June 16 when the animal was sacrificed. In some areas 
of the well proliferated endometrium hematomata were noted. 


2 Hartman, C. G., Endocrinology, 1940, 26, 449. 


454 INHIBITION OF EsTRIN-DEPRIVATION BLEEDING 


Apparently bleeding was imminent 6 days after the last injection of 
ethinyl testosterone. Estrogenic effects on uterus, cervix and vagina 
were marked. 

B. Hormone administered orally. Castrated female No. 626 was 
primed the usual way with estrogen. She was then given one 20 
mg tablet of ethinyl testosterone by mouth daily from May 24 to 
June 7. She began to bleed on the 15th day after the last injection 
of estrogen. She was sacrificed while still bleeding; while bleeding 
was not prevented it was probably postponed a few days above the 
usual maximal interval of 10 days following moderate treatment 
with estrone (Amniotin). Judging from the state of the uterine, 
cervical and vaginal mucose the effect of oral administration proved 
far less than that attained by one-fourth as large a dose administered 
subcutaneously. 

4. Testosterone Propionate given orally. Monkey No. 591 had 
her endometrium almost totally removed on Jan. 18 and on Mar. 16 
she received 50 mg daily of testosterone propionate. A uterine 
biopsy was made on May 11. She was castrated on June 9, then fed 
daily for 19 days two 10 mg tablets of testosterone propionate and 
one 100 mg tablet of bile salts. The bleeding which usually follows 
castration within 10 days or less did not occur. On the other hand, 
the endometrium showed no signs whatsoever of proliferation, 
measuring but 1 mm in thickness. The condition of the vagina and 
the cervix, likewise, proved that a minimal quantity of the absorbed 
hormone reached the systemic circulation. 

Summary. 1. Testosterone di-propionate prevented  estrin- 
privea bleeding in daily parenteral doses of 5 mg in sesame oil. 2. 
Methyl testosterone inhibited estrin-privea bleeding when admin- 
istered subcutaneously in the form of pellets or dissolved in sesame 
oil. Orally in daily doses of.10 mg, methyl testosterone prevented 
menstruation but otherwise failed to exert the slightest visible estro- 
genic effects. 3. Ethinyl testosterone prevented estrin-privea bleed- 
ing in the monkey when administered parenterally in doses of 5 mg a 
day. Given orally, it delayed slightly but did not prevent bleeding in 
daily doses of 20 mg, with no other estrogenic effects. 4. Testo- 
sterone propionate when administered orally in 20 mg doses along 
with bile salts, prevented estrin-privea bleeding, but otherwise its 
estrogenic effects proved minimal. 5. It is apparent that oral admin- 
istration of any of the testosterone derivatives here tested is most 
uneconomical as compared with parenteral methods. 
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Deacylation of N‘-n-Acylsulfanilamides and N‘-n-Acyl- 
sulfanilylhydroxamides in vitro.* 


MaTuias F. F. Kont anp Laura M. FLYNN. 
(Introduced by P. A. Shaffer.) 


From the Departments of Biochemistry and Pharmacology, School of Medicine, 
Washington University, St. Lowis, Mo. 


The acyl derivatives of sulfanilamide are of interest because 
sulfanilamide is in part acetylated in the animal body before excre- 
tion,’ the acetylated form having only slight therapeutic activity. 
Higher acyl derivatives have nevertheless been shown to possess 
therapeutic activity comparable to sulfanilamide. Miller, Rock and 
Moore®* synthesized a series of N*-n-acylsulfanilamides, the thera- 
peutic activity of which appears to increase with the length of the 
acyl group, up to 6 carbons, beyond which it falls off rapidly. N*- 
n-acylsulfanilylhydroxamides are found to possess therapeutic ac- 
tivity® and high bacteriostatic value in vitro.* The water solubility 
of these compounds decreases with lengthening of the carbon chain. 

Aberhalden® ° and Bergman*® described a group of enzymes 
known as acylases which split acylated amino acids. More recently 
Michel, Bernheim and Bernheim" have described an acylase which 
splits acetanilid. This enzyme, which they believe identical with the 
earlier described acylase, is found in high concentrations in liver and 
kidney of dog, cat, rabbit, ox and mouse. 

We have studied the deacylation in vitro by rat liver of N*-n-acyl- 
sulfanilamides and the analogous N*-n-acylsulfanilylhydroxamides 
in which the NH.-group of the sulfonamide is replaced by an 


* This investigation was aided by a grant to P. A. Shaffer from the Rockefeller 
Foundation. 
1 Harris, J. S., and Klein, J. R., Proc. Soc. Exp. Bion. AND MED., 1938, 38, 78. 
2 Miller, E., Rock, H. J., and Moore, M. L., J. Am. Chem. Soc., 1939, 61, 1198. 
3 Cooper, F. B., Gross, P., and Lewis, M., Proc. Soc. Exp. Bion. anp Meb., 
1940, 43, 491. 
4 Main, E. R., Shinn, L. E., and Mellon, R. R., Proc. Soc. Exp. BioL. AND Mxb., 
1940, 43, 593. 
5 Aberhalden, E., and Ehrenwall, E., Fermentforsch., 1931, 12, 223, 376. 
6 Aberhalden, E., and Heumann, J., Fermentforsch., 1931, 12, 572. 
7 Bergman, M., Zervas, L., and Fruton, J. S., J. Biol. Chem., 1935, 111, 225. 
8 Bergman, M., Zerbas, L., and Ross, W. F., J. Biol. Chem., 1935, 111, 245, 
9 Bergman, M., and Ross, W. F., J. Biol. Chem., 1935, 111, 659. 
10 Michel, H. O., Bernheim, F., and Bernheim, M. L. C., J. Pharmacol. Exp. 
Therap., 1937, 61, 321. 
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—~NHOH group. On the hypothesis that a free N*-amino group is 
essential for activity it seemed important to learn the extent to which 
these therapeutically active acyl compounds are deacylated in the 
animal body. Since the analytical method available (determination of 
free and total sulfanilamide after hydrolysis) does not distinguish 
other acyl compounds from the acetyl compound appearing in urine, 
it seemed preferable to study the hydrolysis by tissue brei with which 
acetylation does not occur to confuse the results. 

Methods. Extracts of liver tissue made by grinding liver with 
sand and an equal volume of water were strained through cheese 
cloth. Weights of the acyl compounds equivalent to 1 mg of un- 
acylated compound were added to 20 cc of liver brei representing 
5 g of liver in M/20 PO, buffer (pH 7.5). Two drops of toluene 
were added as a preservative. The mixtures were shaken at 37.5°C. 
Aliquot samples were removed at intervals for analysis. Proteins 
were removed with 10% trichloracetic acid (or by alcohol) and 
filtrates analyzed for free and total sulfanilamide by Marshall’s 
method. Colorimetric determinations were made with an electro- 
photometer. Percentage of hydrolysis was calculated from the 
free amine found. 

Comparative Hydrolysis of Sulfanilamide Derivatives. We find 
that the ease and rate of hydrolysis of these acyl sulfanilamide deriv- 
atives by liver brei vary with the length of the C-chain in the fatty 
acid. Acetyl sulfanilamide is decomposed only slowly while long 
acyl groups are broken off more easily. The ease of hydrolysis 
parallels the therapeutic activity of these compounds (reported from 
other laboratories” *) which permits the view that the acyl deriva- 
tives become active after hydrolysis. 

Similar experiments were performed using as substrates acetanilid 
and 4 :4’-acetylamino diphenyl sulfone. Using the same samples of 
liver brei in tests with the three substrates, acetanilid consistently 
showed a percentage of hydrolysis higher than that of 4 :4’-acetyl- 
amino diphenyl sulfone and acetylsulfanilamide. 

Tables I, II and II represent the results of typical experiments 
with N*-acyl  sulfanilamides, N*-n-acylsulfanilylhydroxamides, 
acetanilid and 4:4’-acetylamino diphenyl sulfone as substrates. 

In vivo deacylation of acylated sulfanilamide derivatives has been 
shown by others from blood and urine analyses. Nitti, Bovet and 
Hamon™ found that the formyl, acetyl, propionyl and butyryl deriv- 
atives of 4:4’-diamino diphenyl sulfone were rapidly hydrolyzed 
in the body to 4:4’-diamino diphenyl sulfone. Cooper, Gross and 


11 Nitti, F., Bovet, D., and Hamon, Y., Compt. rend. soc. biol., 1938, 128, 26. 
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TABLE I. 
Deacylation of Acylsulfanilamidest by Liver Suspension. 


% hydrolysis 


Co i. Sa 


Substrate 2 hr 5 hr 8 or 
Acetylsulfanilamide ; a 9.1 ail 8.1 
Butyrylsulfanilamide 14.1 27.8 30.4 
Valerylsulfanilamide 21.7 24.0 25.0 
Caproylsulfanilamide 38.3 41.0 41.9 
Heptanoylsulfanilamide 63.9 80.1 89.6 

TABLE II. 


Deacylation of Acylsulfanilylhydroxamidest by Liver Suspension. 


% hydrolysis 


G aN 

Substrate 2 hr 4hr 6.5 hr 

Acetylsulfanilylhydroxamide Gor 481 9.6 

Valerylsulfanilylhydroxamide 11.5 15.9 22.7 

Caproylsulfanilylhydroxamide 21.8 28.8 41.3 

Heptanoylsulfaniiylhydroxamide 43.1 62.9 74.5 
TABLE ITI. 


Deacylation of Other Compounds by Liver Suspension. 


% hydrolysis 


(oa Se 

Substrate 4hr 8 hr 
Acetylsulfanilamidet iy laine 5.4 9.4 
4:4’-Acetylaminodiphenylsulfonet 10.6 15.0 
Acetanilid 58.0 72.0 


t These acyl compounds were synthesized and presented to us through the 
courtesy of Sharp and Dohme, Technical Division, Glenolden, Penn. 

¢t These compounds were synthesized and presented to us through the courtesy 
of Monsanto Chemical Company, St. Louis, Mo. 


Lewis* in their recent study of N?*-n-acylsulfanilylhydroxamides 
found that mice given 50 mg oral doses of the valeryl, caproyl and 
heptanoyl compounds showed approximately 10 mg % of diazotiz- 
able material (calculated as sulfanilamide) in the blood 2 hours 
later. 

Conclusions. The ease of deacylation of N*-n-acylsulfanilamides 
and N*-n-acylsulfanilylhydroxamides in vitro by liver brei is found 
to increase with the length of the acyl group. 
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Effect of Aminophyllin, Histaminase,* and Nicotinic Acid on 
Histamine-Poisoned Puppy Bronchioles.; 


A. J. Gitpert AND F. GotpMaNn. (Introduced by M. Bodansky. ) 


From the Departments of Pharmacology and Medicine, University of Texas School 
of Medicine, Galveston, Texas. 


To the large number of drugs recommended for the relief of 
bronchial asthma, there have been added in the past few years two 
new ones; aminophyllin (theophylline with ethylene diamine) and 
histaminase (torantil.) Although marked clinical relief has fol- 
lowed the intravenous injection of aminophyllin in patients with 
acute bronchial asthma*® little experimental work has been done in 
regard to the mechanism of action of the drug. During the course 
of this investigation Young and Gilbert* stated that aminophyllin 
greatly lessens the constricting action of histamine in the smaller 
bronchi and bronchioles of rabbit lung sections. 

Histaminase, while less well established than aminophyllin in the 
treatment of bronchial asthma, is thought to inactivate any hista- 
mine implicated in acute attacks of asthma. 

Nicotinic acid has been observed to benefit a few patients at John 
Sealy Hospital during status asthmaticus’ and was therefore included 
in this study. 

Method. Bronchioles were prepared for microscopic observation 
by the method of Sollmann and Gilbert.* Puppies were killed by the 
injection of air into the left ventricle. The lungs were removed and 
injected intratracheally with a warm solution of 10% gelatin in 
Ringer’s solution. They were then placed in iced Ringer’s solution 
for several hours to harden. Thin sections of lung were made 
free-hand with a razor, and mounted on a ring of cork in a Petri 
dish containing 50 cc of Ringer’s solution. The dish was placed 
on the warm stage of a microscope, and the solution was kept at a 
temperature of 38°C. The size of the bronchiolar lumen was re- 
corded by use of a camera lucida. 


* Histaminase was generously supplied by the Winthrop Company. 

+ A preliminary report of this work was published in Bull. John Sealy Hospital 
and University of Texas Medical School, 1940, 2, 55. 

1 Herrmann, G. R., and Aynesworth, M. B., J. Lab. and Clin. Med., 1937, 23, 135. 

2 Efron, J. Allergy, 1936, 7, 249. 

3 Brown, G. T., J. Allergy, 1928, 10, 64. 

4 Young, R. H., and Gilbert, R. P., J. Am. Med. Assn., 1940, 114, 522. 

5 Creel, W. F., personal communication. 

6 Sollmann, T., and Gilbert, A. J., J. Pharm. and Exp. Therap., 1937, 61, 272. 
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The addition of 3 mg of histamine acid phosphate usually resulted 
in complete closure of the bronchiolar lumen. The preparation was 
observed for about 10 minutes in order to rule out spontaneous 
relaxation, and then the test drug was added. Nicotinic acid was 
used in the form of sodium nicotinate, since acid per se has a dilator 
action.°® 

Results. Typical results with aminophyllin, histaminase, and 
sodium nicotinate are recorded in Table I. 


TABLE I. 
Area of normal 
Bronchiolar Area after 
Puppy lumen, Area after ‘*Dilator’’ drug ““dilator’’ Jo of 
No. mm? histamine applied drug normal area 
2 A474 000 Aminophyllin 1:2000 .336 75 
3 270 000 22 1:1000 270 100 
2 456 ‘ a 1:1000 558 122 
5 .048 -000 Histaminase 4 units .012 25 
o 216 000 He 4 units 000 0 
4 .072 -000 Sod. nicotinate 1:1400 .000 0 
5 021 -000 se 1:2100 -000 0 


*Histamine not applied. 


Aminophyllin 1 :2000 to 1:1000 caused marked dilatation of hista- 
mine-poisoned puppy bronchioles in all 6 experiments in which it 
was tried. With normal bronchioles it caused moderate dilatation 
in 2, and had no effect in one experiment. 

Histaminase caused slight dilatation of histamine-poisoned 
bronchioles in 3 experiments and had no effect in 2 experiments. This 
slight action after a few minutes was not unexpected, since one unit 
of histaminase is assayed to neutralize 1 mg of histamine dihydro- 
chloride only after 24 hours’ incubation at 37.5°C. Histamine was 
inactivated by histaminase when the pH was maintained at 7.4 by 
phosphate buffer during 24 hours’ incubation at 37.5°C. Only by 
fulfilling these rigid conditions was it possible to obtain inactivation. 

Nicotinic acid as sodium nicotinate 1 :4200 to 1 :1400 caused slight 
dilatation of histamine-poisoned bronchioles in two experiments and 
had no effect in 8 experiments. 

Conclusions. Aminophyllin is an effective dilator of histamine- 
poisoned puppy bronchiolar sections. Histaminase and nicotinic acid 
had little or no effect in the concentrations used. 
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Testosterone Propionate, a Bisexual Hormone in the American 
Chameleon. 


G. K. NosBLE AND B. GREENBERG 


From the Laboratory of Experimental Biology, American Museum of Natural 
History, New York. 


The androgen, testosterone propionate, is known to have some 
estrogenic effect in mammals;' in reptiles this effect is greater. It 
enlarges the oviduct of the immature alligator” and the adult lizard 
Sceloporus,*® in the latter causing a growth of the mucous glands 
similar to that produced by theelin. In Anolis carolinensis, it will 
hypertrophy both male and female genital ducts and induce both 
male and female sex behavior. 

Pellets of crystalline testosterone propionate (Ciba)* were im- 
planted subcutaneously into gonadectomized and intact immatures 
of both sexes and into similar adults. Each category was composed 
of 4 experimentals and 4 controls occupying the same cage.! Imma- 
tures received an average of 2.68 mg, of which approximately 1.58 
mg was absorbed in 24 days. Adults received an average of 5.22 
mg of which 3.03 mg was absorbed in 30-36 days. A group of adult 
gonadectomized males and another of females were also implanted 
with pellets of crystalline estradiol dipropionate, averaging 8.50 mg, 
with absorption of approximately 1.04 mg in 17 days. 

The oviducts of ovariectomized and intact immature and adult 
females were markedly hypertrophied by the pellets. Oviducts of 
adult ovariectomized controls averaged 6.79 mg while treated females 
averaged 36.34 mg. In cross-section, their mucosa exhibited nu- 
merous glands similar to those produced with estradiol dipropionate. 
Testosterone-treated immature females showed the same glandular 
hyperplasia of the mucosa. 

Both testosterone and estradiol produced an intense keratinization 
of the cloaca in all treated females. Dantchakoff* has described this 


1Groome, J. R., Quart. J. Exp. Physiol., 1939, 29, 367. 

2 Forbes, T. R., Anat. Rec., 1938, 72, 87. 

3 Gorbman, A., Proc. Soc. Exp. Biot. AND MED., 1939, 42, 811. 

“The authors are indebted to the Ciba Pharmaceutical Products, Inc., for the 
testosterone propionate (Perandren) and the estradiol dipropionate utilized in 
this study. 

t Assistance in the preparation of these materials was furnished by the per- 
sonnel of Works Progress Administration Official Project No. 65-1-97-23 (CES 1K). 

4 Dantchakoff, V., Compt. rend. Soc. biol., 1938, 128, 895. 
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effect in the Lacerta embryos of both sexes following folliculin treat- 
ment. The cloacal lining is mucoid in spayed and out-of-season 
females and also in all males. Testosterone will keratinize the 
cloacas of castrate immature and adult males. This estrogenic 
effect was also produced by estradiol in adult castrate males. 

Testosterone propionate strikingly enlarges the ovaries of both 
immature and adult females. Ovaries of the immature females were 
as much as 3 times the size of controls. Normally only one egg 
enlarges in each adult ovary at one time. In treated adults, 2 or 
more ova developed together in one ovary. Weights of ovaries of 
adult controls ranged from 3.35 mg to 65.63 mg. Ovaries of 
treated adult females ranged from 31.29 to 309 mg. Testes, how- 
ever, were smaller than in controls and showed little evidence of 
active spermatogenesis. 

Wolfhan ducts, which were very rudimentary in the immature 
females, were greatly hypertrophied by the testosterone pellets. They 
became as large as those of treated immature males. The epididymis 
and ductus deferens of adult castrate males were maintained by testo- 
sterone but not by estradiol dipropionate. The latter result is surpris- 
ing since theelin will produce an enlargement of the male ducts in 
adult Eumeces® and young Anolis.® 

Certain tubules of the kidney were markedly hypertrophied in all 
testosterone-treated Anolis. This “sexual segment” of Regaud and 
Policard’ is in secretory activity in the normal adult males and 
assumes this condition in all testosterone-treated males and females. 
Kehl® reported this effect with benzoate of androsterone in adult 
female Uromastix. Gonadectomized control and estradiol-treated 
Anolis showed uniformly small kidney tubules. 

Testosterone propionate pellets will induce male courtship and 
copulation in immature and adult females, whether ovariectomized 
or intact. The same implanted females will show estrous behavior 
and may be copulated with by either males or treated females. 
Estrous behavior includes: (1) a distinctive bend of neck, and (2) 
voluntary submission to copulation. Testosterone-treated females 
were observed to stand with necks flexed in this manner before males 
and treated females. 

Pellets of testosterone propionate increase the aggressiveness of 
females. One treated female eventually dominates the group and 
assumes the role of a territory-holding male. Her activity partially 


5 Turner, C. D., Biol. Bull., 1935, 69, 143. 

6 Clapp, M. L., Anat. Rec., 1937, 70 (Suppl. 1), 97. 

7 Regaud, C., and Policard, A., Compt. rend. Soc. biol., 1903, 55, 973. 
8 Kehl, R., Compt. rend. Soc. biol., 1938, 127, 142. 
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inhibits that of the other treated females. These, however, may 
show male behavior and also submit to copulation. Adult males, 
through their larger size and aggressiveness, are able to subdue the 
most dominant treated female which then submits to copulation. 

Testosterone propionate pellets also produce full sex activity in 
immature and adult castrate males. One treated immature male, on 
3 separate occasions, exhibited the estrous bend of neck and was 
copulated with 5 times. This male likewise copulated twice in male 
manner. 

Summary. Testosterone propionate enlarges the Mullerian duct, 
keratinizes the cloaca and produces estrous behavior in Anolis. It 
also enlarges the epididymis, ductus deferens and sexual segment of 
the kidney, while producing male sex behavior. It has a gonado- 
tropic effect on the ovary but not on the testis. 
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Size and Stroke of the Normal Human Heart During 
Neosynephrin Bradycardia.* 


ANCEL Krys AND ANTONIO VIOLANTE. 


From the Laboratory of Physiological Hygiene, University of Minnesota, 
Minneapolis, Minn. 


Marked bradycardia with pulse rates from 30 to 50 per 
minute is produced in:normal young adults by therapeutic doses 
(3 to 10 mg subcutaneously) of neosynephrin—1-a-hydroxy-- 
methylamino-3 hydroxy ethylbenzene hydrochloride (Keys and 
Violante’). The effect persists for 30 to 60 minutes or more and is 
not attended by any symptoms or sensations of cardiac or respira- 
tory embarrassment. Since repeated trials failed to disclose any 
significant change in the total oxygen usage during the bradycardia 
it seemed probable that the total minute output of the heart was 
not seriously diminished. If this were so there should be a very 
appreciable increase in the stroke output. We have investigated this 


question with the roentgenkymographic method of Keys and 
Friedell.’ 


* This work has been supported by a Fellowship grant to the Laboratory of 
Physiological Hygiene of the University of Minnesota by Frederick Stearns 
and Co. 

1 Keys, Ancel, and Violante, Antonio, Proc. Soc. Exp. Bron. AND Mxp., 1940 
44, 4. 
° Keys, Ancel, and Friedell, H. L., Am. J. Physiol., 1939, 126, 741. 
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Trained normal young men and women subjects were used., All 
studies were made in the post-absorptive state in the early morning 
with the subject seated in a roller. chair in a quiet room. When a 
roentgenkymographic exposure (R.K.G.) was made (66 inches), 
the chair was rolled into position and the subject codperated only 
to the extent of holding the breath during the 1.5 second exposure. 
After a preliminary rest of 20 minutes or more, one or 2 R.K.G.s 
were made before injection of the drug. R.K.G.s were made sub- 
sequently when the bradycardia was well established—usually 10 
or 15 minutes later—and when the bradycardia had begun to 
diminish. In some cases a final R.K.G. was made when the pulse 
and blood pressure were nearly normal again. 

A striking alteration of the heart size was frequently apparent 
even from casual inspection of the resulting films. When the areas 
of the anterior-posterior projections were measured it was found 
that there is an increase of 5 to 20% or more during the period of 
bradycardia. The change is more remarkable when the correspond- 
ing volumes are calculated from our formula (op. cit.) : vol. = 0.63 
(Area)**. To illustrate, we may cite 3. cases, selected at random, 
and compare the diastolic volumes in cc before and 15 minutes after 
subcutaneous injection of 5 mg of neosynephrin: 


Subj. E.H. Subj. D.W. Subj. B.N. 
Before . 467 503 506 
After 497 601 625 


The left side of the heart shows the most pronounced increase in 
size but all parts of the heart appear to share in the dilatation and 
the original form of the heart is well preserved in both systole and 
diastole. We have never observed any signs of pericardial restraint, 
in spite of the fact that the dilatation in many cases surpasses what is 
frequently considered to be the upper limit for immediate dilatation. 
In a number of cases the P.A. transverse diameter increased more 
than 15 mm; in one case the increase was 19 mm and in another 
18 mm. In all cases the degree of inspiration was the same. 

Significant increases in diastolic heart size were found in 90% of 
all our studies with neosynephrin. It does not appear when epineph- 
rine or sterile saline are similarly administered. The systolic 
volume of the heart also increases, but to a lesser extent, so that 
there is a definite and usually large increase in stroke volume. In 
12 studies on 8 subjects the mean stroke volume before injection 
was 57.5 cc; between 15 and 30 minutes after injection of neosyne- 
phrin the mean indicated stroke volume was 90.1 cc. The net effect 
is usually to leave the minute volume relatively constant though there 
may bea slight reduction in the minute volume after the largest doses 
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(10 mg) and a net increase in minute volume frequently results from 
a rather small (3 to 5 mg) dose of the drug. 

The contraction form shown by the R.K.G. corresponds to the 
RT interval of the E.C.G. in that ventricular contraction and dis- 
charge are not unduly prolonged. It is notable, however, that dur- 
ing much of diastole the left ventricle appears to pause at constant 
volume (diastasis). The R.K.G. film usually resembles extreme 
athletic bradycardia. 

These studies are being continued with additional techniques. 
The first few experiments with the acetylene method have shown 
an increased stroke volume of the same general magnitude found 
with the R.K.G. method, so that apparently the dilatation does 
not invalidate the volume calculations. 
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Effect of Relative Humidity on Insensible Weight Loss of the 
Newborn Infant.* 


Joun A. ANDERSON. (Introduced by Irvine McQuarrie. ) 


From the Department of Pediatrics, University of Minnesota, Minneapolis. 


Although Rubner and von Lewschew* and Benedict and Car- 
penter’ noted that high relative humidity of the environmental air 
produced a decrease in the rate of insensible weight loss in both 
man and experimental animals, recent investigators® * have stated 
that, within the range of average environmental conditions, the 
relative humidity produces no significant effect. The failure of the 
insensible weight loss method in predicting accurately the energy 
metabolism of infants prompted this investigation of the effect of 
changes in relative humidity on the insensible weight loss. This 
report deals with 76 observations on the insensible weight loss in 
41 unclothed newborn male infants at relative humidities ranging 


from 19% to 94% and at an environmental temperature of 31.2- 
32.5° © (8/-89° By. 


*This study was made possible by a grant-in-aid from Mead Johnson and 
Company of Evansville, Indiana. 

1 Rubner, M., and von Lewschew, Arch. f. Hyg., 1897, 29, 1. 

* Benedict, F. G., and Carpenter, T. M., Carnegie Inst., Washington, 1910, 
Pub. No. 129. 

3 Levine, S. Z., Wilson, J. R., and Kelly, M., Am. J. Dis. Child., 1929, $7, 791. 

4 Yaglou, C. P., J. A. M. A., 1937, 108, 1708. 
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Each experiment was carried out under the following conditions : 
Thirty to 45 minutes after breast feeding, the infant was placed in 
an accurately controlled air-conditioned chambert and weighed by 
means of a Sauter scale for 30 to 90 minutes. A condition of sleep 
and absence of sweating were required before measurements were 
made. 

The results are summarized in Table I. 


TABLE I. 
Average Insensible Weight Loss at Various Humidities. 
% relative humidity G insensible wt loss per hr 
eat Ta ara (ca ns. a ae ie 
Case No. Range Avg Infant Kg Sq.M. 
11 19-30 21.6 3.82 1.16 17.2 
16 31-40 35.8 3.24 94 13.7 
5 41-50 48.5 2.67 86 12.3 
19 51-60 54.0 2.58 .80 Tales 
8 61-70 65.0 1.99 -60 8.8 
11 71-80 76.5 1.35 .39 4.7 
6 81-94 88.0 1.19 40 5.0 


The average insensible weight loss for each 10% increase in rela- 
tive humidity decreases in a straight line manner to a negligible 
value at 100% relative humidity. The generally accepted value’ 
for insensible weight loss of 1.0 g per kg per hour for infants falls 
between 25% and 35% relative humidity. This value is approxi- 
mately twice that observed at 60% and 70% relative humidity. The 
general slope of the line indicates that for each 10% increase. in 
relative humidity within the range studied, there is 0.46 g decrease 
in the hourly rate of insensible weight loss for the average newborn 
infant. From these data it appears that attempts to predict the 
energy metabolism of the newborn infant from the insensible weight 
loss according to the formulas of Benedict and Root for adults® and 
Levine and Marples for infants’ are not valid unless the effect of 
the relative humidity is taken into consideration. 

Summary. The rate of insensible weight loss in the unclothed, 
newborn male infant is decreased in a straight line manner by an 
increase in the relative humidity of the environmental air. 


4 
+t This unit was constructed with the advice and assistance as well as the dona- 
tion of special equipment from the Minneapolis Honeywell Regulator Company. 
5 Levine, S. Z., Kelly, M., and Wilson, J. R., Am. J. Dis. Child., 1930, 39, 917. 
6 Benedict, F. G., and Root, H. F., Arch. Int. Med., 1926, 38, 1. 
7 Levine, S. Z., and Marples, E., Am. J. Dis. Child., 1930, 40, 269. 
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Effect of Relative Humidity on Skin and Rectal Temperatures 
of the Newborn Infant.* 


Joun A. ANDERSON. (Introduced by Irvine McQuarrie. ) 


From the Department of Pediatrics, University of Minnesota, Minneapolis. 


In a previous investigation’ on unclothed newborn, male infants 
the author showed that an increase in the environmental relative 
humidity resulted in a decrease in the rate of insensible weight loss. 
In an attempt to explain the physiologic processes involved in the 
adjustment of the heat loss mechanism of the body induced by high 
humidity, measurements of the surface and rectal temperatures 
were made under similar experimental conditions. The skin surface 
temperatures of the forehead, abdomen, and dorsum of the hand and 
foot were determined by means of copper constantin thermocouples. 
A pessor catheter containing a thermocouple was used for obtain- 
ing the rectal temperature. The insensible weight loss and the skin 
and rectal temperatures of twelve unclothed, newborn infants were 
determined first at a low relative humidity and, after a period of 
adjustment of 45 to 60 minutes, again at a higher humidity. 

The results obtained are presented in Table I. 

In the cases in which sweating did not occur (Cases 1-9), for an 


TABLE I. 
Changes in Skin and Rectal Temperatures Induced by Change in Relative Humidity. 
Change Change Temperature degrees C LL. 
Case % relative r - —~ change 
No. humidity Air Forehead Hand Abdomen Foot Rectal g 
1 47 0 AO oe Cad +0.6 +2.4 —2.06 
2 38 + .1 +2.8 +1.1 +3.2 +.4 —1.65 
3 34 + .8 +1.7 +1.2 +2.0 +.9 —1.72 
4 40) + .3 +0.8 —1.0 +25 +.8 —1.35 
5 56 + 8 + .9 +42.1 +1.0 +4.3 —2.34 
6 34 + 3 +10 +42.1 +0.9 +1.6 —1.82 
7 26 + .7 +0.2 +1.6 0 —0.44 
8 25 + .1 0.0 +0.2 +0.8 0 —0.56 
9 fh +2.2 + .9 +2.6 +3.5 +.7 —2.76 
Avg 38 +04 4+ .7 41.5 +0.8 42.5 +.4 —1.63 
Cases in Which Sweating Occurred. 
10 24 Oo + 1 411 +0.3 .0 .0 +0.04 
11 24 + .2 0 +2.0 +.2 +1.25 
12 46 +10 +1.8 +1.7 +4.5 .0 +0.64 


*This study was made possible by a grant-in-aid from Mead Johnson and 
Company of Evansville, Indiana, and by the donation of special equipment, together 
with advice and assistance, from the Minneapolis Honeywell Regulator Company. 

1 Anderson, J. A., Proc. Soc. Exp. Bro. AND Mzp., 1940, 44, 464. 
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average increase of 38% relative humidity there was an average 
increase in the surface temperature of the body which occurred in 
the following manner: the foot—2.5°C, the hand—1.5°C, the 
abdomen—0.8°C, and the forehead—O.7°C. Accompanying these 
changes, the average decrease in the rate of insensible weight loss 
was 1.63 g per hour. 

There were two types of response of the skin temperatures of 
these infants. Six of the infants responded by an increase in the 
surface temperature of the dorsum of the hand and foot, which 
occurred within 10 minutes after the change from the low to the 
high humidity. When the high humidity was maintained at a 
constant level, an increase in the temperature of the abdomen and 
forehead occurred if the experiment was prolonged or if the increase 
in humidity was excessive. At this time all surface temperatures 
continued to increase uniformly to a level just below that of the 
rectal temperature, which usually remained constant. The remaining 
6 infants had an increase in the surface temperatures of all parts 
of the body at the same time, which usually occurred within 10 
minutes following the increase in relative humidity. These skin 
temperatures tended to stabilize at a higher level with moderate 
increases in humidity; or if the humidity increase was excessive, 
they approached the rectal temperature, which also increased slightly. 
Detectable sweating then occurred, followed by a fall in rectal 
temperature to or below the original level. The decrease of the 
rate of insensible weight loss was noted in both groups up to the 
time of the occurrence of sweating. 

The increase in the surface temperature of the newborn infant 
induced by increasing the relative humidity of the environmental 
air offers an explanation of the mechanism involved in the decrease 
of the insensible weight loss under the same conditions. The 
systematic manner in which the surface temperatures of the foot, 
hand, abdomen, and forehead increase with the increase in relative 
humidity is similar to that reported by Freeman and Lengyel for 
adult human subjects.’ 

Summary. In unclothed, newborn male infants the decrease in 
the rate of insensible weight loss is accompanied by an increase in 
the surface temperature of the skin at high relative humidity. The 
vasomotor responses necessary for this adjustment in the heat loss 
mechanism under these conditions appears to be as fully developed 
in one-half of the infants studied as in adult subjects. 


2 Freeman, H., and Lengyel, B. A., J. Nutrition, 1939, 17, 43. 
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Cultivation of Pleuropneumonia-Like Organisms from Female 
Genital Organs.*; 


L. DIENEs. 


From the Department of Pathology and Bacteriology, Massachusetts General 
Hospital, and the Robert W. Lovett Memorial for the Study of Crippling Disease, 
Harvard Medical School, Boston. 


The technic formerly described for staining bacterial cultures 
in situ on the surface of agar was employed in studying routine 
plates submitted for gonococcus examination.t In the course of 
2 months pleuropneumonia-like organisms were demonstrated in 
the cervical secretions of 5 patients. The medium used for the 
gonococcus is similar to the medium employed formerly in cultivating 
Streptobacillus moniliformis and pleuropneumonia-like organisms.* 
It is essentially a sedimented boiled blood agar to which is added 
30% buffered ascitic fluid. The plates are incubated for 2 days in 
partial CO, tension. 

Pleuropneumonia-like organisms were present in the genitals of 
about one-third of the females. Thus far similar organisms have 
not been found in plates inoculated with secretions from the urethra 
or prostate of males or from eyes of babies suspected of gonococcus 
infection. However, the female and male material examined was not 
comparable. The majority of female patients had pelvic infections, 
while the cultures from males were mostly release cultures from 
treated gonococcal patients. Women without pelvic disease were 
not studied. 

The group of pleuropneumonia-like organisms is characterized 
at present by purely morphological criteria. The organisms culti- 
vated from the female genitalia are indistinguishable in morphology 
and in the appearance of colonies from the strains isolated from rats 
and mice.” The young colonies consist of very small pleomorphic 
granules and filaments which grow into the medium and are stained 
deeply im situ with methylene blue. The surface of fully developed 
colonies consists of large bodies (3 to 10 microns) which are at first 
deeply stained but which later become vacuolized and produce a 
foam-like structure. After 48 hours the colonies are often only 


“ The expenses of this investigation were defrayed in part by a grant from the 
Commonwealth Fund. 


+ This is publication Number 47 of the Lovett Memorial. 
1 Dienes, L., J. Inf. Dis., 1939, 65, 24. 
2 Dienes, L., and Sullivan, E. R., Proc. Soc. Exp. Bron. AND Mep., 1939, 41, 424. 
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10 to 20 microns in diameter. In transplant they develop to a con- 
siderably larger size. Four strains were isolated in pure culture and 
their properties will be more closely studied. 

The tiny colonies were present in abundance in all cultures except 
one. In 2 cases they were associated with the gonococcus; in 3 
they were found in the absence of gonococcus. In one case they 
persisted in the cervical smear even though the gonococcus dis- 
appeared following the administration of sulfanilamide. 

In a previously described case a similar organism was isolated 
in pure culture from a suppurated Bartholin’s gland.* At that 
time, it was thought the patient’s contact with rats might have been 
responsible for the infection. With the knowledge that similar 
organisms occur frequently in the female genitalia it seems more 
probable that the previously observed suppuration was caused by a 
human strain and that such strains are potentially pathogens. Un- 
fortunately, the strain isolated from the suppurative lesion was lost, 
therefore its origin cannot be established. According to Sabin’s 
observations, mice often harbor pleuropneumonia-like organisms 
in the conjunctiva.* These organisms, although usually harmless, 
may under appropriate conditions become pathogenic. The patho- 
genicity of the cattle, goat and rat strains is well known. It is of 
special interest that all members of the pleuropneumonia group 
produce acute or chronic joint lesions. 

At present, it is impossible to state whether the strains isolated 
from female genitalia are potentially pathogenic although the above 
mentioned single observation suggests that they may be. They 
may only represent another variety of the many unknown saprophytic 
microorganisms of the mucous membranes. The frequent presence 
of a member of the pleuropneumonia group of microorganisms in 
human beings certainly deserves further study. 


3 Dienes, L., and Edsall, J., Proc. Soc. Exp. Bion. AND MED., 1937, 36, 740. 
4 Sabin, A. B., Science, 1939, 90, 18. 
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L Type of Growth in Gonococcus Cultures.*+ 


L. DIENES. 


From the Department of Pathology and Bacteriology, Massachusetis General 
Hospital, and the Robert W. Lovett Memorial for the Study of Crippling Disease, 
Harvard Medical School, Boston. 


It was described in a former note that in cultures of various Gram 
negative bacteria tiny secondary colonies similar in many respects 
to the L1 colonies of Streptobacillus moniliformis develop." The 
appearance of these colonies is always preceded by the transformation 
of the bacteria into large swollen forms. More recently it has been 
observed that the secondary colonies develop from these large forms.’ 

A similar course of events was observed in gonococcus cultures. 
In certain cultures the cocci before disintegrating swell up into large 
deeply stained spherical bodies similar in every respect to the large 
bodies of Gram negative bacteria. If such cultures are kept one or 
two days at a temperature between 25 to 30°C, one notes below the 
colonies in the agar a slight secondary growth very similar to the 
L type of growth observed in colon bacillus and influenza colonies. 
It consists of small granules and fine filaments which usually de- 
generate in 24 hours. In gonococcus cultures this peculiar second- 
ary growth does not develop as abundantly nor as distinctly as in the 
cultures of Gram negative bacteria, and without the experience ob- 
tained with the latter it would probably have been overlooked. The 
main evidence in support of the supposition that this slight transient 
growth corresponds to the development of the L type colonies is 
the essential similarity of the whole process in different bacterial 
cultures. 

The observation of this process in gonococcus cultures possess 
some importance inasmuch as it is the first example of the occurrence 
of this process in a species of bacteria besides the Gram negative 
bacilli. Attempts to demonstrate a similar secondary growth in the 
colonies of Gram positive cocci, especially in the colonies of strepto- 
cocci, have been unsuccessful thus far. 

The process described in this note has nothing to do with the 
presence or absence of pleuropneumonia-like organisms in the cul- 


* The expenses of this investigation were defrayed in part by a grant from the 
Commonwealth Fund. 

+ This is publication Number 48 of the Lovett Memorial. 

1 Dienes, L., Proc. Soc. Exp. Bron. aND Mep., 1939, 42, 636. 

2 Dienes, L., Proc. Soc. Exp. Bion. anp Mup., 1940, 43, 703. 
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tures. The occurrence of such organisms with the gonococcus has 
been indicated in a preceding note. The pleuropneumonia-like 
organism grows independently of the gonococcus, and mixed cul- 
tures are easily separated. The tiny secondary colonies develop 
only in connection with the large swollen bacterial forms and thus 
far all attempts to grow them separate from the parent organism 
have failed. Morphologically, the secondary growth is very similar 
to a young growth of the pleuropneumonia-like organism. 
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Developmental Relationship Between Pars Intermedia of Pitui- 
tary and Brain in Tadpoles. 


WILLIAM ETKIN. (With the assistance of Rose Lotkin. ) 


From the American Museum of Natural History and the College of the City of 
New York.* 


An inhibitory control of the growth and functional activity of 
the pars intermedia of the hypophysis of the tadpole through the in- 
fundibulum has been suggested by the author to account for the 
finding of overgrowth and excess activity of this gland in grafts, 
and after infundibular lesion.* In his careful work with pituitary 
grafts in the salamander, however, Blount’ reported an intensity of 
pigmentation only in proportion to the number of grafts and no 
overgrowth in the grafts. Since in Blount’s work successful grafts 
were secured only when brain was transplanted with the gland, 
whereas in this author’s work with tadpoles the graft took success- 
fully independently of the presence of brain it was thought that the 
circumstance of the presence of brain with the primordial graft might 
account for the difference in the characteristic growth picture of 
the graft in these two cases. This theory would be consistent with 
the first mentioned hypothesis of inhibitory control of the p. inter- 
media through the infundibulum. To test this, a series of grafts 
of the pituitary was made with and without brain. 

The experiment was performed on Rana pipiens tadpoles. The 


3 Dienes, L., Proc. Soc. Exp. Brou. AND Mep., 1940, 44, 468. 

* Assistance in the preparation of these materials was furnished by Works 
Projects Administration for the City of New York, Project Number 65-1-97-23 
W.P. 10. 

1 Etkin, W., and Rosenberg, L., Proc. Soc. Exp. Bou. AND MED., 1938, 39, 332. 

2 Blount, R. F., J. Exp. Zool., 1932, 63, 113. 
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hosts were tadpoles which had been hypophysectomized in the tail- 
bud stage and used when about 12 mm total length. Only silver 
(successfully hypophysectomized) animals were used. The site 
for the implant was prepared by removing the eyeball through a slit 
in the dorsal skin, thus leaving a relatively large pocket for the recep- 
tion of the graft. The grafts were taken from tail-bud embryos. 
In one series the pituitary primordium with as little adherent tissue 
as possible was used, and in the second series a variable amount 
of adjacent brain material was included with each graft. Normal 
unoperated controls were run simultaneously. When tadpoles were 
fully grown they were killed and the head serially sectioned. 

In the first series of grafts without brain the same experimental 
types obtained as previously. Thus of a total of 18 surviving 
experimentals of this type 7 became very much darker than normal 
and showed on sectioning enlarged p. intermedia grafts with cellu- 
lar hypertrophy and intense basophilia in the cytoplasm, 2 showed 
approximately normal pigmentation and on sectioning showed diffuse 
degenerating grafts with apparently little p. intermedia, 9 remained 
silver in color and the 3 of these which were sectioned showed no 
grafts persisting. 

In the group receiving grafts with brain and pituitary 32 survived 
well. Of these 6 showed marked hyperpigmentation. The sections 
of these animals showed the characteristic hypertrophy and hyper- 
plasia in the p. intermedia. Varying amounts of brain were present 
in the graft. In no case was the gland in contact with recognizable 
infundibular tissue though in some it was in contact with other parts 
of the brain. 

Ten animals which fell into the silver class showed on sectioning 
no clear p. intermedia tissue in the graft. The critical class of ex- 
perimentals was the group of 15 individuals which showed either 
normal pigmentation or a moderated degree of hyperpigmentation. 
Of these 6 proved to have degenerating grafts with doubtful or very 
scattered p. intermedia and 9 showed normal well formed p. inter- 
media grafts in which the cells were normal in appearance. Seven 
of these grafts were directly in contact with recognizable grafted 
infundibular tissue, one was directly in contact with brain tissue of 
uncertain form and one was in contact with the infundibulum 
through the intermediation of p. anterior tissue. 

This experiment supports the following interpretation. When 
p. intermedia develops in contact with the infundibulum its growth 
and histological development are normal and its functional activity 
is not much if at all in excess of normal. When, however, it de- 
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velops separated from the infundibulum its growth is excessive, it 
shows cellular hypertrophy and produces an excess of the pigmentary 
hormone which induces intense hyperpigmentation in the host. The 
infundibulum normally controls p. intermedia function by inhibition. 
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Influence of Age on Rate of Immune Response of Mice to 
Formolized Equine Encephalomyelitis Virus. 


IsABEL M. Morcan. (Introduced by Peter K. Olitsky. ) 


From the Laboratories of the Rockefeller Institute for Medical Research, New 
York City. 


It has been reported’ that the ability of mice to be immunized with 
formolized virus of Eastern equine encephalomyelitis increases with 
age. The question then arose as to whether this was an expression 
of different rates of development of immune response, or rather of 
maximum responses of which various age-groups were capable. 
Rate of antibody response to a trypanosomal infection in rats was 
found to increase with age.” 

The rate of development of neutralizing antibodies in serum of 
mice of 3 age-groups was studied. Mice 3 months, 14-15 days and 
4-5 days of age were injected intraperitoneally on the Ist, 3rd and 
5th days with 0.2-0.25 ce of formalin-inactivated virus of Eastern 
equine encephalomyelitis. This consisted of a 10% suspension of 
infected mouse brain in 0.5% formalin, which proved to be non- 
infectious on intracerebral injection of normal mice. Mice in each 
group were bled from the heart and the sera pooled, on the days 
indicated in Fig. 1, .e., 4th, 5th (4 hours after the last injection of 
formolized virus), 6th day, etc. Serum-neutralizing antibodies were 
measured by the intraperitoneal protection test® in normal mice from 
13 to 15 days of age, using 4 mice for each virus dilution-serum 
mixture. Sera of different age-groups taken on the same day were 
compared simultaneously. 

The antibody titer is recorded in Fig. 1 as doses of virus neutral- 
ized. This was calculated from the difference between the infective 


1 Morgan, I. M., Proc. Soc. Exp. Bio. AND MeEp., 1939, 42, 501. 
2 Kolodny, M. H., Am. J. Hyg., 1940, 31, 1, See. C. 
3 Olitsky, P. K., and Harford, C. G., J. Exp. Med., 1938, 68, 173. 
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Rate of development of neutralizing antibodies in serum of mice of various 
ages in response to 3 doses of formolized Eastern equine encephalomyelitic virus 
(F.V.). 
titer in control and test groups of mice.* It was found that differ- 
ences in titer must be more than tenfold to be significant. In serum 
of mice immunized at 3 months of age, neutralizing antibodies began 
to appear on the 5th day reaching a maximum by the 6th day. In mice 
14-15 days old at the beginning of immunization, antibodies were 
not demonstrable until the 6th day and reached a maximum between 
the 8th and 10th days, which was maintained for at least 23 days 
longer. Considerably slower in response were mice 4-5 days old at 
the beginning. A minimum of antibody was demonstrable on the 
12th day. Sera taken on the 20th and 33rd days protected 4 to 34 
of mice in groups receiving a wide range of virus dilutions, indi- 
cating moderate antibody content. This is in contrast with sharp 
endpoints obtained with weak or strong antiserum. Sera of 
““2-days-” and ‘6-months-old” mice are also shown. Thus the rate 
of antibody production was found to increase with age. Below a 
certain age, the final titer reached depended on the age at which im- 
munization was begun. 

In order to determine whether the low grade of active immunity 
reported previously’ in young mice would increase with time, 2 
large groups of mice, 14 days and 3 months old, were immunized 
as described. Mice from each age group, as well as 3-months-old 
normal controls, were tested by intracerebral injection of tenfold 
dilutions of active virus after 2, 3 and 4 weeks. The ‘3-months-old” 
immunized mice resisted 10’, 10°-10° and 10°-10" doses respectively, 
as measured by difference in titer between control and test groups. 


* For example, if the titer of virus in the presence of normal serum were 10-7 
and with test serum, 10-5, the difference in titer would be 102 or 100 doses 
neutralized. 
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The ““14-days-old” mice were not uniformly resistant; 50% of mice 
receiving from 1 to 1,000 doses survived. The proportion surviving, 
of those tested 2, 3 and 4 weeks after immunization, did not increase. 
It was shown therefore that the high degree of active immunity 
of “3-months-old” mice was maintained during the 2-4 weeks’ period 
following immunization; and the low degree of resistance of mice 
immunized when 14 days old did not change significantly during that 
period, in spite of the observation (Fig. 1) that mice of this age 
group possessed maximum titer of circulating antibodies.* 

Summary. The rate of development of neutralizing antibodies in 
serum of mice immunized with formalin-inactivated virus of Eastern 
equine encephalomyelitis has been shown to increase progressively 
with age. The antibodies in serum of mice immunized at a very 
early age did not reach the maximum titer found in mice immunized 
when older. 

The low degree of active immunity to intracerebral injection of 
active virus induced in mice 14 days old at the beginning of immun- 
ization did not increase from 2 to 4 weeks after immunization. 
During that interval, mice immunized at 3 months of age maintained 
a high degree of active immunity. 
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Chronic Histamine Action.* 


CHARLES F. CopE AND RicHARD L. Varco. 
(Introduced by M. B. Visscher ) 


From the Departments of Physiology and Surgery, University of Minnesota. 


Histamine placed in the body in watery solution rapidly produces 
acute effects of relatively short duration (Dale and Laidlaw’). 
During the past 2 years studies have been undertaken to develop a 
procedure by which injected histamine would act over prolonged 
periods and produce chronic effects. The ultimate aim of the in- 
vestigation was the study of chronic histamine poisoning. 

Experimental Procedure. Histamine was administered by sub- 


4 Olitsky, P. K., and Harford, C. G., J. Exp. Med., 1938, 68, 779. 

* Part of the expense of this research has been defrayed by grants from the 
Committee on Scientific Research of the American Medical Association (No. 526 
and 556) and the Graduate School of the University of Minnesota. 

1 Dale, H. H., and Laidlaw, P. P., J. Physiol., 1910, 41, 318. 
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cutaneous or intramuscular injection. All doses mentioned are in 
terms of histamine base. Two tests were employed to determine 
the efficacy of the methods used to slow the rate of absorption of 
histamine from the sites of injection. The first was a comparison 
in normal guinea pigs of the effects of large doses of histamine in 
saline solution with the effects of the same dose of histamine in other 
substances. While this method was satisfactory for the preliminary 
experiments it was inadequate for the quantitative determination of 
the extent and degree of prolonged histamine action. The second 
test was the measurement of the amount and quality of the secretion 
from gastric pouches of dogs made according to the method of 
Heidenhain. This test provided a quantitative basis for studying 
the extended action of histamine. The pouches were prepared under 
ether or nembutal anaesthesia using the usual surgical technic and 
sufficient time for recovery was allowed before tests were com- 
menced. 

Histamine was first ground with glycol stearate and then 
suspended in mineral oil. In guinea pigs, injection of this material 
was quickly followed by typical symptoms and fatalities. Similar 
results were obtained when histamine particles were covered with 
paraffin and suspended in oil. Definite protection was obtained with 
a mixture of finely powdered histamine, pure beeswax or beeswax 
containing resin and mineral oil. Quantities of histamine which 
caused fatal reactions when given in saline solution produced only 
mild symptoms when administered with beeswax. Hot saline extrac- 
tion of this dose of the beeswax mixture gave watery solutions which 
when injected produced profound reactions or death. Mixture of 
the histamine with the beeswax had not destroyed the histamine. 

The histamine beeswax mixture has been quantitatively tested by 
the gastric secretion method in 4 dogs. Doses of histamine ranging 
from 15 to 60 mg were given. As a routine the volume of material 
injected was about one cubic centimeter and this was divided among 
approximately 20 intramuscular sites. Reactions were noticed in 
only 2 out of 10 experiments. As a rule gastric secretion com- 
menced 10-15 minutes after the injection and continued for from 
24 to over 40 hours. The total volume of juice secreted in 24 hours 
expressed as equivalent volume N/10 HC1 ranged from 957 to 
1919 cc. In the majority of instances the maximum rate of secretion 
was reached during the first 4 hours following which it declined 
gradually. The water, chloride and hydrogen ion loss was combated 
by dilute saline drinking water, saline solution by vein and under the 
skin and by the return of gastric juice with a stomach tube. In 
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these experiments prolonged action of a single injection of hista- 
mine was obtained by suspending the histamine particles in a bees- 
wax mixture. 
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Salt After Adrenalectomy. I. Growth and Survival of Adrenal- 
ectomized Rats Given Various Levels of NaCl.* 


EVELYN ANDERSON, MICHAEL JOSEPH AND VIRGIL HERRING. 
(Introduced by Herbert M. Evans.) 


From the Institute of Experimental Biology and the Department of Medicine of 
the University of California, Berkeley and San Francisco, California. 


It is well known that the administration of sodium chloride to 
animals deprived of their adrenals considerably delays the onset of 
adrenal insufficiency, but the importance of the amount of sodium 
chloride given such animals has not received adequate attention. 
There is an “optimal” amount of sodium chloride from which such 
an animal derives benefit ; an excess of sodium chloride is injurious. 
Moreover, inadequate study has been given the matter of the degree 
to which functional restoration occurs in adrenalectomized animals 
given salt. These are the problems which concern us here. This 
study deals with the growth and survival of adrenalectomized animals 
in response to varying amounts of sodium chloride. Two succeed- 
ing reports deal with the urinary excretion of Na and K and with the 
storage of fed carbohydrate by such rats. 

Adrenalectomized rats fed a standard diet and allowed to drink 
1% NaCl take in an amount of salt which appears to be optimal 
for maintaining growth and health. For this study male rats were 
used; they were 10 weeks of age at the time of adrenalectomy, and 
weighed approximately 200 g. Controls were subjected to a sham 
operation in which the adrenals were dissected free of the surround- 
ing tissue but not removed. From a group of 25 adrenalectomized 
rats given 1% NaCl solution, 15 had an average survival of 45 days 
(range 12-80 days) and 10 lived beyond the 110th day post-operative. 
During the course of the experiment all of the animals were tested 


for completeness of adrenalectomy by withdrawing salt and allow- 
i 
* We wish to acknowledge the assistance of the Federal Works Progress 


Administration, Project No. OP 65-1-08-62, Unit A-5, and the Christine Breon 
Fund. 
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ing the animals to go into a state of adrenal insufficiency. The 
average daily intake of sodium in food and drinking water was 
estimated to be about 290 mg (725 mg NaCl). The growth curve 
of these animals is shown in Chart I. The adrenalectomized rats 
on 1% NaCl continued to grow at the same rate as the control 
animals for about 2 months; after that the growth rate was 
diminished. These animals were used from time to time for testing 
the excretion of radioactive sodium and potassium. This entailed 
keeping the rats on a restricted regimen of Locke’s solution with 
glucose for 3 days at a time. A temporary loss of body weight 
occurred with each experiment. The electrolyte excretion of these 
animals is reported in another communication. 

Adrenalectomized rats given 1% NaCl ad libitum consume as 
much food as normal rats. The intake of food and of salt solution 
and the gain in body weight were measured on 2 groups of adrenal- 
ectomized rats and on 2 control groups for a period of 30 days. 
These data are shown in Chart II. The stock diet given these 
animals contained 1.6% sodium by analysis (=4% NaCl). The 
animals were kept in individual cages in a chamber kept at a constant 
temperature of 28.5°C. One group of 5 adrenalectomized rats was 
given tap water to drink. Their NaCl intake in the food averaged 


1 Anderson, E., Joseph, M., and Herring, V., Proc. Soo. Exp. Bron. AND Mep., 
1940, 44, 482. 
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Normal Controls, Water Ad Libitum Jw 
Sham Adrenalectomized, 1% Saline Ad Libitum -____ 
Adrenalectomized, 1% Saline Ad Libitum -o...cecccccccencses 
Adrenalectomized, Water Ad Libitum -.-.-.2.-.2.2.0.0 


Grams of Diet Ne 14 Eaten Daily 


Cubic ¢m. Drunk Daily 


° ey 1) Wf 10 12 14 IZ AS? 2) 24 260 28 31 33 35 38 40 
POST-OPERATIVE DAYS 
CuHarr II. 

Showing the growth response and the food and fluid intake of adrenalectomized 
rats on 1% NaCl. Normal controls on tap water: total NaCl intake 601 mg daily. 
Sham adrenalectomized rats on 1% saline: total NaCl 1121 mg daily. Adrenalee- 
tomized rats on 1% saline; total NaCl 940 mg daily. Adrenalectomized rats on 
tap water: total NaCl 339 mg daily. 

339 mg daily. Another group of 21 adrenalectomized rats was per- 
mitted to drink 1% NaCl ad libitum. Their total NaCl intake was 
940 mg daily. One control group had been subjected to a sham 
adrenalectomy. This group was given 1% NaCl ad libitum. Their 
total NaCl intake was 1121 mg daily. The other control group 
consisted of normal rats which were given tap water to drink. Their 
NaCl intake was 601 mg daily. The adrenalectomized rats which had 
a total NaCl intake of 339 mg daily failed to grow and the animals 
died between the 14th and 31st days post-operative. The adrenal- 
ectomized rats with a higher NaCl intake, namely 940 mg, grew as 
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Sham Adrenalectomized 
Adrenalectomized 


Food gm. per Day 


Cubic cm. Drunk Daily 


12) N00 88y SCP AZ OM ZA Om Oe lOmn 214 lO mnIG mao) 
PREOPERATIVE DAYS POST-OPERATIVE DAYS 


OnartT III, 

Showing the growth response and the food and water intake of adrenalec- 
tomized rats, given 16 ec of 5% NaCl daily. Sham adrenalectomized rats: total 
NaCl intake 1352 mg daily. Adrenalectomized rats: total NaCl intake 1234 mg 
daily. 
well as normal animals. These animals were sacrificed on the 10th, 
15th, 20th and 30th days post-adrenalectomy in order to determine 
the carbohydrate stores after feeding glucose. This is reported in 
another communication.” 

In contrast to the beneficial effects of a 1% NaCl solution upon 
the growth and survival of adrenalectomized rats, it was found that 
larger amounts of NaCl in the drinking water proved to be injurious 
to such animals. This was tested out as follows: When adrenalec- 
tomized rats were given 4 cc of a5% NaCl solution by stomach tube 
twice a day and allowed to drink tap water ad libitum and offered 


2 Anderson, E., Herring, V., and Joseph, M., Proc. Soc. Exp. Bion. AND Mep., 
1940, to be published. 
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a standard diet which contained .7% sodium by analysis (=1.75% 
NaCl), they grew and remained in good health for an indefinite 
period. They resembled the adrenalectomized rats reported above 
which were kept on 1% NaCl. The total NaCl intake was practically 
the same for both groups, averaging about 650 mg. Another group 
of adrenalectomized rats was given 4 cc of 5% NaCl four times a 
day and allowed to drink tap water ad libitum, Their NaCl intake 
amounted to more than one gram per day. These animals resembled 
untreated adrenalectomized rats; they failed to grow and their 
average survival period was 19.5 days (with a range of 5-28 days). 
When 4 cc of 5% NaCl was given 6 times a day to adrenalectomized 
rats, the animals were all dead within 2 days. The urinary excretion 
of sodium and potassium in this group of animals is reported 
separately.* 

The higher amounts of NaCl decreased the food intake slightly 
for both adrenalectomized and control rats. Food records and 
water intake were kept on a group of 13 adrenalectomized rats and 
7 controls which were given 4 cc of 5% NaCl 4 times a day. The 
NaCl intake for the adrenalectomized rats was 1234 mg daily, for 
the controls 1352 mg (Chart III.). The difference in food intake 
in these two groups was slight. There was no significant growth 
in either group. The animals were sacrificed on the 15th and 20th 
days post-adrenalectomy, in order to determine the ability of these 
animals to store carbohydrate. These data are reported separately.” 

Summary. A daily intake of 650 to 940 mg NaCl for an adult 
adrenalectomized rat seems to be “optimal” in maintaining growth 
and apparent health. A daily intake of 339 mg is not sufficient for 
growth or survival. Large amounts of NaCl such as 1200 mg a 
day are injurious. 


482 


11501 


Salt After Adrenalectomy. IJ. Urinary Excretion of Radioactive 
Na and K in Adrenalectomized Rats Given Various Levels 
of Salt.* 


EveLyN ANDERSON, MICHAEL JOSEPH AND VIRGIL HERRING. 
(Introduced by Herbert M. Evans.) 


From the Institute of Experimental Biology and the Department of Medicine of 
the University of California, Berkeley and San Francisco, Califorma. 


In an earlier communication’ we reported the use of radioactive 
sodium and potassium in the detection of changes in the urinary 
excretion rate of sodium and potassium after adrenalectomy. It 
was found that adrenalectomized rats fed one of our stock diets 
which contained 1.75% NaCl, and given tap water to drink showed 
an increased rate of excretion of administered radioactive sodium 
and a diminished rate of excretion of radioactive potassium. The 
rate of excretion of these tagged electrolytes could be correlated 
with the excretion of body sodium and potassium. We also showed 
that the giving of a one percent sodium chloride solution to adrenal- 
ectomized rats instead of tap water corrected the wastage of sodium 
and the retention of potassium, so that these animals excreted these 
electrolytes in the same proportions as normal animals. 

In the preceding communication? the growth and survival of 
adrenalectomized rats given 1% NaCl solution has been described. 
Out of a group of 25 adrenalectomized rats which were given 
1% NaCl to drink and which were fed a diet which contained 1.75% 
NaCl, 10 lived beyond the 110th day after operation. The capacity 
of these animals to excrete given amounts of radioactive sodium 
and potassium was measured from time to time. 

The methods used and the standardization of the conditions 
necessary for this study have been described previously... The data 
of this study are given in Table I. It will be seen that adrenalec- 
tomized rats on 1% NaCl (with a total NaCl intake of 725 mg 
daily) at first excrete the administered radioactive sodium like the 
control animals but later show sodium retention. This discrepancy 


* We wish to acknowledge the assistance of the Federal Works Progress 
Administration, Project No. OP 65-1-08-62, Unit A-5, and the Christine Breon 
Fund. We wish to thank Dr. John H. Lawrence, of the Radiation Laboratory of 
this University, for supplying us with the radioactive sodium and potassium. 

1 Anderson, E., and Joseph M., Proc. Soc. Exp. Bion. AND MeEp., 1939, 40, 347. 


2 Anderson, E., Joseph, M., and Herring, V., Proc. Soc. Exp. Bron. AND MED., 
1940, 44, 477. 
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increases as the period after adrenalectomy increases. This is in 
marked contrast to the behavior of untreated adrenalectomized 
animals, in which there is an increased excretion of sodium. The 
excretion of radioactive potassium in the adrenalectomized animals 
of this group was essentially the same as that of the control animals; 
as stated above the untreated adrenalectomized animal excretes a 
diminished amount of potassium. It can be noted that the excretion 
of body sodium and potassium bears a definite correlation to the 
excretion of radioactive sodium and potassium. 

Increasing the amount of NaCl administered to adrenalectomized 
rats beyond an optimal level, proved to be injurious as described 
in the preceding communication.” However, these high doses of 
NaCl enabled the adrenalectomized rat to continue to excrete radio- 
active sodium and potassium like normal controls. These data are 
given in Table I]. The animals in Group I of Table II received 


TABLE II. 
Urinary Excretion of Na and K in Adrenalectomized Rats on High NaCl Intake. 
Sodium Potassium 
SSS K4# 
Na24  TotalNa 9—H—. TotalK 
Days post-adrenalectomy 20th 20th 12th 24th 24th 
% mg Jo Jo mg 
Group I (4 ec 5% NaCl 2x 
daily = 400 mg 
Adrenalectomized rats 36.2 (5) * 8.6 (5) 9.2(5) 
(33.0-40.0) t — (7.8-8.8)  (8.4-10.4) = 
Normal rats 35.0(10) 9.7(5 
(30.8-42.1) — (8.4-11.5) — — 


Group II (4 ce 5% NaCl 4x 
daily = 800 mg) 
Adrenalectomized rats 31.6(5) 89(5) 8.9(5) 10.0(3) 39(3) 
(27.2-37.5) (85-94) (8.8-10.0) (9.5-10.4) (36-43) 
Normal rats 36.0(3) 83(3) 7.7 (3) 9.4(3) 40 (3) 
(33.0-37.5) (79-88)  (6.4-8.8) (9.1-9.5) (36-43) 


*Animals per group in parentheses. 
tRange of values. 


400 mg NaCl administered in a 5% NaCl solution, in addition to 
about 245 mg of NaCl in the food. As described previously,” these 
animals continued to grow and remained in a healthy condition. 
Those of Group II received 800 mg of NaCl in addition to approxi- 
mately 245 mg of NaCl in the food. The adrenalectomized animals 
of this group were all dead by the 28th post-operative day. How- 
ever, in both groups of adrenalectomized rats the excretion of 
electrolytes resembled that of normal rats. The total sodium and 
potassium excreted showed a definite correlation with the percent 
of radioactive sodium and potassium excreted. 
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Summary. The administration of sodium chloride to adult 
adrenalectomized rats in amounts varying from 650 mg to 1 g 
daily prevents the urinary sodium wastage and potassium retention 
which characterizes adrenalectomized animals. 
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Oxidation of Tyrosine by Ultraviolet Light in its Relation to 
Human Pigmentation. 


STEPHEN RoTHMAN,. (Introduced by G. F. Dick.) 


From the Department of Medicine, Section of Dermatology, and the Department 
of Pharmacology, University of Chicago. 


In the skin of mammals tyrosinase never has been conclusively 
demonstrated. It has been assumed’ that the immediate precursor 
of melanin in mammalian skin is 3-4 dihydroxy-phenylalanin 
(‘dopa’) which becomes oxidized to melanin by an intracellular 
specific oxidase present only in normal functioning melanoblasts. 
The question has remained unsettled from where this dopa may 
originate; whether it is formed from tyrosine in the blood? or in the 
skin. 

Arnow* demonstrated the formation of dopa by exposure of tyro- 
sine solutions to ultraviolet radiation. As shown in our laboratory, 
this process needs a strikingly long irradiation time, namely 8-30 
times as much as necessary for slightest pigmentation of human 
skin. In the presence of ferrous salts, however, the formation of 
dopa from tyrosine by ultraviolet irradiation is accelerated to such 
a degree that it may serve as a model of the biologic formation of 
dopa in human skin. 

Samples containing mixtures of tyrosine and ferrous. salts, 
irradiated with 1-3 “threshold erythema doses” yield measurable 
amounts of dopa but no melanin. When such irradiated samples are 
kept in the dark, progressively increasing amounts of precipitated 
melanin are formed after 16-24 hours. In this way the latent period 
of pigment formation in human skin is simulated by the in vitro 
experiments. 

The late formation of melanin occurs for the greatest part at the 


1 Bloch, Br., Jadassohn’s Handb. d. Haut. u. Geschlkr., 1927, 1, 434. 
2 Rothman, S., Z. f. d. ges. exp. Med., 1923, 36, 398. 
3 Arnow, L. E., J. Biol. Chem., 1937, 120, 151. 
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expense of dopa which has been formed during the radiation. How- 
ever, in a few instances a slight decrease of tyrosine and a transitory 
increase of the dopa concentration could be observed within 1-2 
hours after irradiation. This “after effect” of irradiation may be 
due to formation of rather stable peroxides by ultraviolet rays. 

In tyrosine-ferrous salt mixtures the dopa concentration increases 
with continued irradiation to a certain maximum. If 50 mg % 
tyrosine solutions are irradiated this maximum amounts to about 
5 mg %. Later, in spite of continued irradiation, the dopa con- 
centration remains unchanged because dopa formation and oxidation 
of dopa to melanin keep balance with each other. Or, the dopa con- 
centration decreases because more melanin than dopa is formed. 

In long-lasting irradiation experiments it was found that in spite 
of a steady decrease of the tyrosine concentration the amount of 
melanin produced does not exceed a certain maximum. This is due 
to a decomposition of melanin into lighter colored, soluble products 
by the continued irradiation. 

For clinical actinotherapy this finding indicates that after maximal 
pigmentation has been reached, continued irradiation does not pro- 
duce a static but a dynamic equilibrium in which pigment formation 
and decomposition are kept in balance. Some clinicians have claimed 
that ultraviolet light treatment should be administered intermittently 
in order to assure an optimum therapeutic effect by ‘“depigmentation 
periods.” The experimental results, however, seem to obviate the 
necessity of such a procedure, and it appears justified to continue 
sunshine treatment in patients who already are tanned to a maximum, 
because biologic action of the rays continues. 

Ultraviolet radiation acts on tyrosine in presence of ferrous salts 
similarly to tyrosinase in every detail. This fact supports the 
assumption that in mammals too, in which tyrosinase is not present, 
the primary precursor of melanin is tyrosine. The formation of 
dopa may occur in the skin by the action of ultraviolet rays if non- 
specific oxidation catalysts are present. 

Summary. The oxidation of tyrosine to melanin by exposure to 
ultraviolet light in presence of ferrous salts serves as a model of 
pigment formation by sunshine in human skin. Continued irradia- 
tion of tyrosine-ferrous salt mixtures leads to a dynamic equilibrium 
in which formation and decomposition of melanin are kept in balance. 
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Free and Combined Sulfanilamide in Material Drained from the 
Human Biliary Tract. 


RoGcerR S. HuBBARD AND RICHMOND K. ANDERSON. 


From the University of Buffalo School of Medicine and the Edward J. Meyer 
Memorial Hospital, Buffalo, N. Y. 


The concentrations of free and of combined (presumably acetyl) 
sulfanilamide have been determined in the material collected through 
T-tubes inserted in the bile ducts of human subjects after operations 
upon the biliary system. Bile was clarified by a mixture of tri- 
chloracetic and phosphotungstic acids. Free sulfanilamide was de- 
termined by the method of Marshall and Litchfield’ after the addition 
of acetone to the filtrate from the pigments etc. removed by this 
procedure. In the determination of combined sulfanilamide, the 
filtrate was treated with hydrochloric acid and hydrolized for an 
hour in a boiling water bath before the diazo reaction was carried 
out. Both free and acetyl sulfanilamide* were added to the bile 
and were recovered quantitatively by this procedure, but the method 
of precipitating could not be considered as wholly satisfactory, for 
a trace of pigment (apparently biliverdin) was present after treat- 
ment in a fair number of specimens from some of the patients 
studied. The method of Marshall and Litchfield was also used in the 
study of urine specimens collected simultaneously with the bile from 
a number of the patients. Blood analyses were carried out by the 
technique of Bratton and Marshall.’ 

Although the clarification of some of the bile specimens was not 
satisfactory the results of 10 studies upon 5 patients agreed closely 
together, and justify the following statements. There was no com- 
pound in the clarified bile which gave a reaction with the diazo 
technique used. Shortly after one to 2 g of sulfanilamide were 
given by mouth, the free drug appeared in the bile draining from 
the T-tube, but regularly in a concentration lower than that present 
in the blood. This finding differs from results previously reported 
upon human bile from the gall bladder* for the concentration of 
free sulfanilamide in such material is frequently higher than it is 


1 Marshall, E. K., Jr., and Litchfield, J. T., Science, 1938, 88, 85. 

* The acetyl sulfanilamide used was a synthetic product furnished through the 
courtesy of the National Aniline and Chemical Company. 

2 Bratton, A. C., and Marshall, E. K., Jr., J. Biol. Chem., 1939, 128, 537. 

3 Bettman, R., and Spier, E., Proc. Soc. Exp. Bion. anp MeEp., 1939, 41, 463. 
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TABLE I. ky 
Concentration of Sulfanilamide in Urine, Blood and Drainage from the Biliary 
Tract. 
Period Fluid drained from biliary tract Blood Urine 
4 hr each Apr. 6 Apr. 11 Apr. 14 Apr. 11 Apr. 14 


Apr. 14 
Concentration of sulfanilamide—mg per 100 ce. 
Free Total Free Total Free Total Free Total Free Total 


Before —— 000000 oe 
2g (xxx grains) of sulfanilamide given by mouth. 

1st after 0.76 0.70 1.60 1.66 1.77 1.75 2.87 3.70% 14.3 23.6 

2.25 4.70t 

onda 1:35) 1°77 2a ee O40 0 235 30.8 45.2 

Sr ma 1.46 168 — — 145 1.84 27.6 29.7 
2 g (xxx grains) of sulfanilamide given by mouth. 

4th ” — — — — 1.58 1.74 1.80 2.50* 20.8 37.7 

gay? — — «ss —= — — 1.92 2.54 19.0 29.9 

Gn —- — — — 2.37 2.96 18.1 22.3 

ia —- — — — 2.56 3.20 26.6 32.3 


*Blood collected April 11, 1940. 

tBlood collected April 14, 1940. 

tAbout 5 ce of very thin bile drained from the tube during this 4-hour period. 

The time of the 4-hour periods of collection (before, Ist after, ete.) is calcu- 
lated from time when the first dose of sulfanilamide was administered. 

The blood specimens were collected at the mid-points of the 4-hour periods 
against which they are recorded. 


in the blood. Later, the free sulfanilamide in our experiments 
approximated more nearly the concentration in the blood, as would 
be expected from the water content of the two fluids* but the rela- 
tionship was not directly proportioned to the water content. Sul- 
fanilamide could be demonstrated in the bile 24 hours after 2 g had 
been taken by mouth. ° 

During the first 4 hours after the administration of such single 
doses as were used in these experiments, no demonstrable amount of 
combined form of the drug could be demonstrated in the bile, 
although both free and combined forms were found in the blood 
during this period. After 4 hours, both compounds were present, 
although the concentrations of the combined forms were small, 
for only 10 to 20% of the total sulfanilamide occurred as the 
combined derivative at periods when analyses of blood and urine 
showed that approximately half of the total sulfanilamide reacted 
with the diazo reagents only after acid hydrolysis. If acetyl sul- 
fanilamide is formed in the liver, as current experimental work 
indicates® it is apparently not discharged in large amounts directly 
into the bile. 


4 Marshall, E. K., and Cutting, W. C., J. Am. Med. Assn., 1937, 108, 953; 
J. Pharm. Exp. Therap., 1937, 61, 196. 

5 Harris, J. S., and Klein, J. R., Proc. Soc. Exp. Bron. AND Mep., 1938, 38, 781; 
Klein, J. R., and Harris, J. S., J. Biol. Chem., 1938, 124, 613. 
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The findings described above, except the presence in the bile 
for 24 hours of appreciable amounts of free and combined sul- 
fanilamide, are illustrated in the results of these experiments upon 
one subject shown in the table. As already stated, these results are 
essentially similar to studies made upon 4 other subjects. The 
experiment presented also shows that when a second dose of sul- 
fanilamide was ingested at a time when the drainage from the 
biliary tract contained the drug in both the free and the combined 
forms, the increase in the amount of the total compound was largely 
or wholly in the free state. In the urine on the other hand, the 
larger proportion of the increase was the combined (acetyl) deriv- 
ative. 
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Occurrence of Precipitation Zones in Mixtures of Serum and 
Sodium Desoxycholate; Significance in Pneumococcolysis.* 


SAMUEL CHARLES BuKANTz,t PauL F. pE GArA? AND 
Jesse G. M. BuLitowa. 
From the Medical Service, Harlem Hospital, Department of Hospitals, New York 


City, and the Littauer Pneumonia Research Fund, New York University College 
of Medicine. 


Observations by Ransom,’ Bayer,’ Sellards,? Ponder,* and 
Williams’ have shown that the lysis of red cells by bile salts is in- 
hibited in the presence of serum. Wieland,® and Donnelly and 
Mitchell’ have subjected this fixation of bile salts by serum to 
quantitative study. The latter felt that the bile salt-serum reaction, 
which manifested the Danysz effect, was one of adsorption rather 


* This study received additional financial support from the Metropolitan Life 
Insurance Company, and from Mr. Bernard M. Baruch, Mr. Bernard M. Baruch, Jr., 
Miss Belle N. Baruch, and Mrs. H. Robert Samstag. 

+ Littauer Fellow in Pneumonia Research. 

t Dazian Fellow. 

1 Ransom, F., Deutsche Med. Wochenschr., 1901, 27, 194. 

2 Bayer, G., (a) Biochem. Z., 1907, 5, 368; (b) idem., 1908, 9, 58. 

3 Sellards, A. W., J. H. Hosp. Bull., 1908, 19, 268. 

4 Ponder, E., Proc. Roy. Soc., B., 1922, 93, 86. 

5 Williams, J. W., Proc. Soc. Exp. Bron. AND MED., 1932, 29, 916, 918. 

6 Wieland, H., Naunyn-Schmiedeberg, Arch. Pharm. und exp. Path., 1920, 
86, 79, 92. 

7 Donnelly, J. L., and Mitchell, A. G., Am. J. Physiol., 1927, 79, 297. 
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than of chemical combination. They demonstrated that the reaction 
Xn 


quantitatively followed the adsorption equation, — = K. This, 
C 

however, according to Sobotka,’ is not appreciably different from 

the earlier mass action formulation of Wieland, — kK, Carl 
(A-a)? 


infante,’ has recently reported the occurrence of turbidity in mix- 
tures of 5% human serum and diluted ox bile. In his experience, 
turbidity did not occur with dilutions of bile greater than 1 to 40. 

During the course of experiments dealing with the quantitative 
determination of pneumococcal capsular polysaccharide in lysates, 
we noted certain irregularities in the clearing of 4% serum broth 
cultures (Pn. II1) by solutions of sodium desoxycholate. Portions 
of this culture had been diluted 1 to 2 with broth containing the 
desired concentration of sodium desoxycholate, so that the final 
mixture contained horse serum in a 2% concentration. Under 
these conditions cultures containing concentrations of desoxycholate 
ranging between approximately 1 and 2 mg per ml failed to clear 
after several hours at 37° C and overnight refrigeration while with 
several higher and lower concentrations the same cultures cleared 
completely in one half hour at 37° C. (Table I). Smears and 
cultures from the turbid fluids containing 1 to 2 mg per ml of 
desoxycholate, however, failed to reveal bacteria. 

The reactions were, therefore, repeated with plain as well as 
serum broth cultures. The middle zone of turbidity did not de- 
velop with plain broth cultures nor did control tubes of plain 
broth, without organisms, become turbid in the presence of those 
concentrations of desoxycholate employed in the lysis studies. The 
pneumococci grown in serum-broth were washed 3 times in saline 
and one-half the sediment resuspended in plain saline and the other 
half in 4% serum saline. These were also diluted 1 to 2 with broth 
containing various concentrations of sodium desoxycholate. The 
plain saline suspension cleared completely with concentrations of 
sodium desoxycholate up to and including 1-2500; the serum saline 
suspension became turbid in the same zone encountered with the 
unwashed serum broth cultures. Control tubes with a final con- 
centration of 2% serum became turbid in the identical zone. 
Glablestlh): 

We employed the technique of Donnelly and Mitchell,’ mixing 
varying concentrations of sodium desoxycholate with 2% horse 


8 Sobotka, H., Physiological Chemistry of the Bile, Williams and Wilkins, 


Baltimore, 1937, page 131. 
9 Carlinfante, E., Sperimentale, Arch. di Biol., 1938, 92, 8. 
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serum broth to a constant volume of 5 ml.$ Table III shows the 
development of turbidity and flocculation in these mixtures and in 
the control tubes. Turbid fluids were not cleared by centrifugation 
at 2,000 rpm for 20 minutes nor by boiling. Addition of 3% 
acetic acid precipitated the bile salt. Normal NaOH in excess 
cleared the turbid mixture. 

It will be noted in Table III that a 2% horse serum broth re- 
mained clear in the presence of 4 mg per ml of sodium desoxycho- 
late while a tube containing 2 mg per ml became turbid promptly 
and had developed fine flocculation after standing overnight. To 
5 ml of the turbid solution containing 2 mg per ml of the bile salt 
an additional 10 mg of dry sodium desoxycholate was added. There 
was prompt and complete clearing of the solution. The addition 
of an excess of serum to another turbid fluid failed to clear the 
mixture. The pH of the solutions containing 2 and 4 mg per ml of 
sodium desoxycholate, respectively, was determined with the 
quinhydrone electrode and both were found to be at 7.3. An altera- 
tion of pH was apparently not the factor responsible for the clearing. 

We have also observed that solutions of sodium desoxycholate 
of greater than 2.0 mg per ml concentration, either in broth or in 
phosphate buffer near neutrality, gelled after standing at room 
temperature. This gelation occurs in the absence of serum and, as 
was also noted by Schaub and Reid,*® disappears on warming. 
Preliminary observations apparently indicate that gelation is more 
rapid and complete at neutrality than it is on the alkaline side of 
neutrality. The occurrence of this gel in cultures containing bile 
salts at a pH of 6.8 has been previously described by Mair™ and is 
an evidence of their colloidal character of which others have been 
described a= 

The present observations indicate that serum interferes with the 
interpretation of lysis in the presence of certain concentrations of 
sodium desoxycholate. However, several text-books offer con- 


§ The reactions were unaffected when a Sorensen phosphate buffer at a pH of 
7.3 was substituted for peptone broth as diluent. Stock powdered sodium 
desoxycholate did not dissolve in broth until heated to 65°C. After evaporation 
from alcohol, however, rapid solution took place at room temperature. The pH 
of the mixture of serum with the highest concentration of desoxycholate employed 
was 7.3, determined with the quinhydrone electrode. 

10 Schaub, I. G., and Reid, R. D., J. 4. M. A., 1938, 111, 1285. 

1 Mair, W., in A System of Bacteriology, Med. Res. Council, 1929, London, 
Vol. II, page 168. 

12 Achard, C., Boutaric, A., and Berthier, P., Compt. Rend. Acad. Sci. (Paris), 
1937, 204, 1049. 

13 Bashour, J. T., and Bauman, L., J. Biol. Chem., 1937, 124, 1. 

14 Roepke, R. R., and Mason, H. L., J. Biol. Chem., 1940, 1338, 103. 
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flicting opinions regarding the influence of serum on the lysis of 
pneumococci by bile salts.*» 1° 1° 

Summary. Turbidity and flocculation developed in 2% horse 
serum broth containing concentrations of sodium desoxycholate 
between 1.2 and 2.4 mg per ml at a pH of 7.3 and cleared on the 
addition of an excess of sodium desoxycholate. Apparent failures 
of lysis of serum broth cultures of pneumococci were due to the 
occurrence of such turbidity because no bacteria were found in 
these mixtures. 
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Influence of Arsenicals, Bismuth and Iron on the Plasma 


Ascorbic Acid Level. 


CHESTER J. FARMER, ARTHUR F. Ast AND Hans C, S. Aron. 
From the Departments of Chemistry and Pediatrics, Northwestern University 
Medical School, Chicago, the U. 8S. Public Health Service, and the Department of 

Health, Chicago. 


Several reports indicate that the poisonous effects of a number 
of drugs like benzene, lead,’ phenylcinchoninic acid,’ and glycerol?® 
and especially the arsenicals’ may be counteracted successfully by 
giving suitable doses of ascorbic acid. 

From examination of the urine Dainow* concluded that patients 
who showed symptoms of intolerance to arsenicals were in a state 
of hypovitaminosis C. By administration of ascorbic acid, these 
hypersensitive patients became able to tolerate neoarsphenamine. 
Other investigators’”™* reporting similar observations, emphasize 


15 Boecker, E., and Kauffmann, F., Bakteriologische Diagnostik, 1st Ed., 1931, 
Berlin, J. Springer, p. 71. 
16 Park, W. H., and Williams, A., Pathogenic Microorganisms, 10th Ed., 1933, 
Lea and Febiger, Phila., p. 353. 
1 Abt, A. F., and Farmer, Chester J., The Vitamins, Chapter XXII, American 
Medical Association, Chicago, 1939. 
2 Bertellotti, L., Minerva, Medic., 1939, 30, 254. 
3 Pfeiffer, C., and Arnove, T., Proc. Soc. Exp. Bion. AND MED., 1937, 37, 467. 
4 Dainbow, T., Presse méd., 1937, 45, 1670; Annal. Dermat. et Syphil., 1939, 
10, 139. 
5 Landfisch, S., Polska gas. lek., 1937, 16, 575; J. A. M. A., 1937, 109, 834. 
6 Cormia, F. E., Canad. Med. Assn. J., 1937, 36, 392. 
7 Montesano quoted by Bertellotti.2 
8 Biss quoted by Dainow.4 
9 Tibor, S., Orvosi Hetilap, 1939, 83, 811. 
10 Santiago, A., Zbl. Haut und Geschl. Krkh., 1938, 60, 74. 
11 Takahashi quoted by Bertellotti.? 
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the fact that in certain hypersensitive cases ascorbic acid gave 
favorable results after other methods of detoxification such as the 
administration of glucose, invert sugar, and calcium or sodium 
thiosulfate had failed. 

After a suitable method for determining plasma ascorbic acid 
had been developed, studies were commenced in 1938 on syphilitic 
patients showing syimptoms of intolerance to arsenicals. A more 
extended systematic study of this problem was recently made pos- 
sible in connection with our Nutritional Survey of the syphilitic 
patients attending the Municipal Social Hygiene Clinic, Chicago.” 

It was noted early in the work that patients hypersensitive to 
neoarsphenamine in whom treatment had to be discontinued because 
of severe reactions required exceedingly large oral doses of ascorbic 
acid? to bring their plasma levels up to optimal values (1.0 mg % 
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These data demonstrate that neoarsphenamine (in contrast to bismuth) exerts 
a depressive action on the plasma ascorbic acid level. In 6 out of the 7 cases a 
distinct decrease in the plasma level occurs. The hemoglobin is but slightly affected. 


*We are indebted to Dr. O. C. Wenger, Senior Surgeon, U. 8. Public Health 
Service, and to Dr. Herman N. Bundesen, President of the Chicago Board of 
Health, for the facilities and opportunity of studying patients attending the 
Municipal Social Hygiene Clinie. We also wish to acknowledge the cooperative 
assistance of Dr. G. G. Taylor, Director of the Clinic. 

+ These reactions consisted of nausea, vomiting, fever, dermatitis, and in one 
case hepatitis. 

t We are indebted to Merck and Company, Inc., Rahway, N. J., for a generous 
supply of Cebione (ascorbic acid) used in this investigation. 
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or above). When showing severe symptoms of intolerance, a 
decline of the plasma level occurred in spite of the oral administra- 
tion of ascorbic acid during treatment. It was frequently observed 
that a marked lowering of the plasma level followed the adminis- 
tration of neoarsphenamine in patients showing no intolerance to 
the drug (Fig. 1). 

When bismuth was given in doses routinely used for antiluetic 
treatment, no appreciable effect was observed either on the plasma 
ascorbic acid or hemoglobin levels. 

Striking effects were observed on the administration of ferrous 
sulphate (Feosol§). Doses smaller than 6 grains daily were in- 
effective. However, 6 grains or more caused a sharp drop in the 
plasma ascorbic acid level as will be seen from Fig. 2. 

Exactly the same type of response was observed when ferrous 
sulphate was given to 12 patients receiving bismuth therapy. The 
greatest drop in plasma ascorbic acid level occurred in patients taking 
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Patients who were at a rest period and did not receive antiluetic treatment 
were given iron orally in the form of ferrous sulphate (‘‘Feosol’” tablets, each 
containing 3 grains of ferrous sulphate). The hemoglobin rose in every case 
examined. However, when the dosage of ‘‘ Feosol’’ amounted to 2 or more tablets 
per day there was a sharp drop in the plasma ascorbic acid level in 6 out of the 
7 patients. 


§ We are indebted to Smith, Klein and French Laboratories, Philadelphia, for a 
liberal supply of Feosol Tablets. Each tablet contains 3 grains of ferrous sulphate. 
The other ingredients are of no significance here. 
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ferrous sulphate while receiving neoarsphenamine. These data are 
presented in Fig. 3. It should be emphasized that in spite of this 
decline in plasma ascorbic acid level the hemoglobin rose in prac- 
tically every case. This observation is in good accord with the 
findings of Moore, Bierman and Minnich,’”” who noted a definite 
decrease in plasma ascorbic acid following a rise in serum iron and 
hemoglobin after ingestion of large amounts of ferrous or ferric 
salts. 

Our observations suggest 3 types of action of drugs containing 
heavy metals on plasma ascorbic acid. Bismuth is without influence. 
Iron causes a marked decrease, which may be of significance in 
rapid hemoglobin formation. Arsenic in drugs as neoarsphenamine, 
lowers plasma ascorbic acid, which in some cases may be an attempt 
on the part of the organism to detoxify the drug. As evidence of 
detoxification, patients previously hypersensitive to arsenicals have 
been permitted to resume treatment upon administration of suitable 
doses of ascorbic acid, when the optimal plasma level was attained. 
Repeated plasma analyses must be made to determine the amount 
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These data present the simultaneous action of neoarsphenamine and Feosol on 
plasma ascorbic acid level and hemoglobin. It will be seen that plasma ascorbic 
acid values dropped from fairly normal to decidedly low levels. The hemoglobin 
on the other hand, rose more or less in every case. ‘ 


12 Moore, C. V., Bierman, H., and Minnich, V., Centr. Soc. Clinic. Res., 12th Ann. 
Meet., 1939. 
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of ascorbic acid required for maintenance of the optimal plasma 
level during treatment. In conclusion our data indicate the necessity 
for a high ascorbic acid intake during certain types of medication 
with heavy metal compounds, to meet excessive requirements either 
for physiological demands, or for detoxification of drugs in certain 
cases before therapeutic levels can be attained. 


We wish to acknowledge our indebtedness to H. J. Fagen and 
J. Meyer for much of the analytical data reported here. 
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Respiratory Metabolism of Pigeons after Adrenalectomy and its 
Increase by Prolactin. 


Oscar RIDDLE AND GUINEVERE C. SMITH. 


From the Carnegie Institution of Washington, Station for Experimental Evolution, 
Cold Spring Harbor, N. Y. 


Recent experience in the maintenance of adrenalectomized animals 
in fair or good condition without use of cortical hormones gives 
new interest and value to measurement of the basal metabolism 
of such animals, and the adrenal-pituitary relationship is now the 
subject of much investigation. The pigeon has been found useful 
in such studies. It seems to survive complete adrenalectomy readily, 
though it is best to do the operation in two stages and to inject 
desoxycorticosterone just before the second operation; thereafter 
pigeons maintain themselves well without special nutritional or 
hormonal supplements. Repeated metabolism measurements have 
been made on 12 such pigeons of various races (both sexes) and 
on 4 of these birds the ability of prolactin to increase the B.M.R. 
was demonstrated. 

Thirty measurements made at 30°C indicate that adrenal re- 
moval in pigeons has little effect on heat production; a decrease of 
6% was found. Measured at 25°C this decrease was also 6%. 
Respiratory quotients obtained after a 24-hour fast were the same 
in operated (0.73) and intact pigeons. In 10 tests made on birds 
from which a single adrenal was removed no significant effect was 
observed. The effect of adrenalectomy on the metabolism of the 
bird is thus found to be less though similar in direction to that 
previously reported by others for certain mammals. Interpretation 
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of depressions noted in most mammalian tests is usually obscured 
by the regimen imposed to insure survival or by poor condition of 
the animals. In pigeons it seems probable that the observed small 
decrease in B.M.R. was the indirect result of some (presumptive ) 
reduction in bodily activity and of some protection against low 
temperature. One thyroidectomized pigeon showed a 10% decrease 
in metabolism following adrenalectomy. Body weights may be 
well maintained for at least a few months. Measurements were 
made at intervals varying from 2 days to 4 months after operation. 

Four adrenalectomized pigeons with an average B.M.R. of 3.78 
calories per kilo-hour were injected with 5 mg (20 units) prolactin 
daily for 3 days. The heat production of these 4 birds was then 
-+-/7, +34, -+-5l-and +56. The preparation’ used (4952 )aiad 
been heated to 60°C, at pH 8.0, for 5 hours. This treatment should 
have been particularly adverse to glycotropic and growth factors 
if they were present. The prolactin used gave no apparent increase 
in dove thyroids, and contained little FSH. One of the 4 pigeons 
used in this test was completely thyroidectomized, and had previously 
shown no increase in B.M.R. after 5 and 8 daily injections of 4 mg 
of a prolactin-free preparation of thyrotropic hormone. In this 
thyroidectomized-adrenalectomized pigeon prolactin increased the 
B.M.R. by 34%. Earlier studies’? have shown that prolactin 
increases the B.M.R. of hypophysectomized and thyroidectomized 
pigeons when measured at 30°C. Contrary to an earlier assumption” 
the present tests indicate that this action of prolactin is not mediated 
in part by the adrenals. 


1Riddle, O., Smith, G. C., Bates, R. W., Moran, ©. S., and Lahr, E. L., 
Endocrinol., 1936, 20, 1. 


2 Riddle, O., Smith, G. C., and Dotti, L. B., Am. J. Physiol., 1938, 123, 171. 
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Cyanosis Produced by Anastomosis of Pulmonary Artery to 
Left Auricle. 


MiLtToN MENDLOWITZ AND ALAN LESLIE. 
(Introduced by G. Shwartzman. ) 
From the Laboratories of the Mount Sinai Hospital, New York City. 


Cyanosis, such as occurs in congenital heart disease, is caused by 
a shunt of unoxygenated blood from the right side of the heart to 
the left. In order to reproduce this experimentally, it is apparent 
that a communication must be made at a point where unoxygenated 
is at a higher pressure than oxygenated blood. The only surgically 
accessible site for this procedure is the point of contiguity of the 
main and left pulmonary artery on the one hand, and the pulmonary 
vein or the left auricular appendage on the other. It was found 
that because of its relatively small size, the pulmonary vein could 
not be used. 

The procedure therefore employed is as follows: A large dog 
anesthetized with sodium pentobarbital is placed on its right side, 
artificial respiration being maintained by intermittent positive 
pressure insufflation via a trans-oral tracheal cannula. An incision 
is made in the fourth left intercostal space, the ribs retracted, and 
the lung packed posteriorly. The pericardium is then incised 
posterior and parallel to the phrenic nerve, thereby exposing the 
site for the anastomosis. After isolation of the left pulmonary artery 
by dissection, an especially designed U-shaped serrefine is placed 
longitudinally on the main and left pulmonary artery. Blood flow 
to the right lung is not impaired by this maneuver. A rubber 
covered short intestinal clamp is then applied to the base of the left 
auricular appendage. Parallel incisions are now made in the iso- 
lated portions of the artery and auricle, which are anastomosed with 
a vaselinized arterial silk suture on an atraumatic needle. Approxi- 
mation of intima to endocardium is accomplished by the use of an 
everting, continuous mattress suture. After the operation the 
animal is heparinized, according to the method of Murray, et al. 

This procedure has been performed successfully in 3 dogs, in 
each of which pronounced cyanosis of the tongue and depression of 
the oxygen content of the arterial blood were observed. Long term 
observations on these animals, as well as further experiments are 


now in progress. 


1 Murray, D. W. G., Jaques, L. B., Perrett, T. S., and Best, (Ch. Lela, Surgery, 
1937, 2, 163. 
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Diuretic Effect of Progesterone.* 


Hans SELYE AND Lucy BASSETT. 
From the Department of Anatomy, McGill University, Montreal, Canada. 


In the course of various experiments in which progesterone had 
been administered to normal and hypophysectomized rats we ob- 
served that this compound greatly increases urine output. We 
felt that an action of the corpus luteum hormone on diuresis may 
perhaps throw some light on the cause of the changes in water 
metabolism observed during normal and pathological pregnancies. 
Therefore this effect has been subjected to a quantitative analysis in 
normal and hypophysectomized rats whose urine was collected 
daily in metabolism cages. 

Twenty-four albino females with an average weight of 105 ¢g 
have been divided into 4 groups of 6. Group I was hypophysec- 
tomized and then given daily subcutaneous injections of 10 mg of 
progesterone in 0.4 cc of peanut oil. Group Il was hypophysectomized 
and given daily subcutaneous injections of 0.4 ce of peanut 
oil only. Groups III and IV remained intact but received the same 
injections as Groups I and II respectively. Since hypophysectomy in 
itself is usually accompanied by a transitory marked diuresis and 
since the animals need some time to become used to life in indi- 
vidual metabolism cages and daily injections, we did not collect 
the urine during the first fortnight. After this however, accurate 
measurements of water intake and output were made on every 
animal during the 6 subsequent days. Table I shows the urine output 
during one day. For the sake of brevity the values obtained on 
other days are omitted since they were essentially the same as those 

TABLE I. 


24-hour Urine Exeretion Under the Influence of Progesterone in Normal and 
Hypophysectomized Rats Expressed in ee. 


Rat No. i 2 3 4 5 6 Avg 


I Hypophysectomized progesterone 


treated LU 46, 12s ems 

Il Hypophysectomized oil treated 0 4 2 5 ee Oe: 

III Intact progesterone treated iy GNSS GG TNS GOL 
IV Intact oil treated @ ial 8 9 9 6 68 


* The expenses of this investigation were defrayed by a grant received from 
the Schering Corporation of Bloomfield, N. J., through the courtesy of Dr. G. 
Stragnell. The progesterone was kindly supplied by Dr. E. Schwenk of the same 
Corporation. 
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given in the Table. A summary of the average daily output 
throughout the 6-day observation period is given in Graph I. 

We believe that our experiment clearly indicates that progesterone 
increases the urine output both in intact and in hypophysectomized 
rats. Although the hypophysectomized controls excreted only about 
half as much urine as the normals, the progesterone-treated hypo- 
physectomized animals voided much more than any other group in 
our experiment. The urine output of the individual rats varied 
somewhat from day to day but it was not uncommon for pro- 
gesterone treated hypophysectomized animals to excrete during 24 
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GRAPH 1. 
Average daily urine output per rat under the influence of progesterone in 
hypophysectomized and normal animals. 
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hours an amount of urine corresponding to half their body weight. 

Since the water intake was approximately the same as the output 
we did not deem it necessary to include the values for water intake 
in our table. 

It seemed of some interest to establish whether increased urine 
output is merely the result of the increased intake. For this purpose 
15 cc of tap water was administered by stomach tube to each rat and 
then water and food were withdrawn from all animals during 24 
hours. Here again the progesterone-treated animals excreted the 
water more rapidly than the oil-treated controls. This was true 
both in the case of the intact and the hypophysectomized animals. It 
is of interest however, that 4 out of 6 oil-treated hypophysectomized 
controls succumbed from water intoxication after the administration 
of the relatively large amount of 15 ce while no casualties occurred 
in any other group. This is in accord with. many previous 
observations made in this laboratory which indicate that progesterone 
increases the general resistance of hypophysectomized rats. 

We wish to call attention to the fact that experiments performed 
by the senior author in cooperation with Miss C. Dosne indicate that 
desoxycorticosterone acetate exerts a diuretic effect similar to that 
of progesterone. These latter observations will be published in 
detail in the near future. 

Summary. Progesterone increases the urine output both in 
normal and in hypophysectomized rats. Although the untreated 
hypophysectomized animal excretes less than the normal amount of 
urine, progesterone stimulates water excretion much more markedly 
in the absence than in the presence of hypophysis. In hypophysec- 
tomized rats, it may lead to the excretion of an amount of urine 
corresponding to 50% of the experimental animal’s total body 
weight ; a diuresis reminiscent of diabetes insipidus. The resistance 
of hypophysectomized animals to water intoxication is increased by 
progesterone. 
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Effect of Volume Used for Injection in Micro-Assay of Prolactin. 


Rospert W. Bates AND Oscar RIDDLE 


From the Carnegie Institution of Washington, Station for Experimental Evolution, 
Cold Spring Harbor, N. Y. 


The local crop-sac method, or micro-method, of testing for pro- 
lactin (intracutaneous injection over the pigeon’s crop) introduced 
by Lyons and Page’ involves a subjective element and is open to 
still other sources of error; it has, however, the advantage of ex- 
treme sensitivity. Bates and Riddle’ reported that subcutaneous 
injections over the crop-sac area, though they place the prolactin 
nearer to the responding tissue, are markedly less effective than 
similar intracutaneous injections. Since the micro-method is cur- 
rently used in some laboratories for quantitative assay of prolactin, 
particularly in blood and urine where the concurrent use of 0.1 and 
1.0 ml fluid was once advised,’ it is desirable to learn the sources 
of error in the use of this method. The present study is concerned 
with the effect of injecting equal quantities of hormone in unequal 
volumes of fluid. 

In the local crop-sac method the intracutaneously injected pro- 
lactin stimulates that area of the crop tissues which lies immediately 
beneath the site of injection. This fact suggests a direct diffusion 
from the injection site. If uncomplicated diffusion is involved one 
would expect the response to be directly proportional to the con- 
centration of prolactin in the solution injected. The crop epithelium 
is the tissue upon which prolactin acts (by causing cell proliferation ) 
and in passing from the site of injection to this epithelium the 
hormone must traverse the following very thin structures: lower 
dermis; a layer of loose connective tissue and fat lying between the 
crop and the skin; the serosa; and two thin layers of muscle in the 
crop wall. The crop epithelium is in actual contact with ingested 
food and the proliferation induced by prolactin occurs in its basal 
cells. 

When 0.05 ml of liquid is injected intracutaneously over the crop 
it forms a small disk-shaped blister or bleb of fluid, roughly 5 mm in 
diameter and 2 mm in thickness. Similarly 0.5 ml of liquid forms a 
blister 16 mm in diameter and 2 mm in thickness. The relative areas 
are as 1 : 10, but they have essentially the same thickness. Hence 


1 Lyons, W. R., and Page, E., Proc. Soc. Exp. Bion. anpD Mep., 1935, 32, 1049. 
2 Bates, R. W., and Riddle, O., PRoc. Soc. Exp. Brot. AND MeEp., 1936, 34, 847. 
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the concentration per unit area may be considered independent of 
the volume of fluid injected. It is our experience that when stretched 
for examination the area of crop epithelium stimulated is 5 to 10 
mni larger in diameter than the area of the skin displaced by the 
injected fluid, and that this area is located directly beneath the site 
of injection. If the mode of transfer of prolactin is by diffusion 
alone a prolactin solution which produces minimum stimulation when 
a volume of 0.5 ml is injected should also show minimum stimula- 
tion (over a smaller area) when a volume of 0.05 ml of the 
same solution is injected. The following experiments were designed 
to test this theory along with a determination of effects of unequal 
volumes on micro-assay. 

Experimental. In tests made with 2 daily injections into the 
same site 7 groups of 4 birds each were used. Each bird was 
injected intracutaneously over both crop-sacs with the same amount 
of prolactin but on one side the volume was 10 times that on the 
other (0.5 and 0.05 ml); thus the concentration was 10 times 
greater in the smaller volume of solution. The right crop-sac 
of all birds of 4 of the 7 groups received the larger volume (Series 
A, Table 1). The left crop-sac received the larger volume in all 
birds of 3 other groups (Series B, Table I). The 2 sides of the 
crop were thus shown to be equally responsive. Each bird was 


TABLE I. 
Effect of Injection Volume on Response of Crop-saes to Local Intradermal Injee 
tions of Prolactin. Both Sides of Crop (R and L) Injected Twice at 24-hour 
Interval with Autopsy 48 Hours After First Injection. 


Results 
(SoS AG > eee 
Total dose Daily Concen- Side of Sum of 
prolactin No.of volume, tration, crop used No. plus 
No. 437 birds (ml) y/ml Series (RorL) positive values 
2.04 4 5 2 A R £ +12 
2.04 4 05 20 A L = + 6 
1.0 4 5 1 A R 4 10 
1.07 4 5 1 B L 4 ci 6 
1.0 4 05 10 A L 2 + 2 
1.0¥ 4 05 10 B R 2% + 2% 
by 4 5 0.5 A R 2u% 
> Se 
by 4 5 0.5 B L 3% ak a 
Oy 4 .05 5.0 A L 1% 1 
Sy 4 05 5.0 B R 0 Oy 
25y 4 5 0.25 A R 3 
254 4 5 0.25 B L ie Es 1% 
25y 4 05 2.5 A i 1% “Ee iis 
25 4 05 2.5 B R Ge ete 0a 
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injected twice in the same spot and killed 48 hours after first injec- 
tion. The presence of stimulation was estimated from examination 
ot the stretched excised crop by transmitted and reflected light. 
Several of the birds were also given colchicine 6 to 8 hours before 
killing and the presence or absence of accelerated cell division was 
determined histologically. In all tests the gross degree of stimula- 
tion was estimated as plus 4, 3, 2 and 1; %4 was used for cases in 
which stimulation was doubtful. Degree of stimulation is signifi- 
cant (though arbitrarily determined) and the sum of “plus” values 
for the 4 birds of each group is tabulated. The value assigned to 
each individual case was probably affected by the larger area of 
stimulation which results from the larger volume; we tried, how- 
ever, to consider thickness only. 

Crop-sacs stimulated by 0.5 ml containing 0.125 y in each of 2 
injections (total, 0.25 y) responded as much on the average as 
crop-sacs stimulated by 0.05 ml containing 0.5 y (total of 1.0 vy). 
The ratio of concentrations in these 2 cases is 40 : 1. Thus one 
obtains the wholly unexpected result that a dilution of 10 times 
increased the effectiveness of the injected prolactin by a factor of 4. 

In a third series of tests (Table IL) 4 groups of 3 pigeons each 
were treated as in the preceding tests except that the total dose was 
given in a single injection (and killed after 48 hours). Identical 
results on the relation of volume to response were obtained although 
4 to 8 times as much prolactin was required to produce any particular 
grade of response with a single injection. One y in 0.5 ml produced 
as much stimulation as 4 y in 0.05 ml; 2 y in 0.5 ml produced 
as much stimulation as 8 y in 0.05 ml. Comparison of “once” 

TABLE II. 


Effect of Injection Volume on Response of Crop-sacs to a Single Local Injection 
of Prolactin with Autopsy 48 Hours Later. 


Results 
ee 
Total dose Concen- Side of Sum of 
prolactin No. of Volume, tration, crop used No. plus 
No. 437 birds (ml) 4/ml (BR or L) positive values 
8.0¥ 3 5 16 R 3 4+ 8 
8.07 3 05 160 L 21% + 4% 
4.04 3 mi) 8 R 21% + 4% 
4.0 3B uy 05 80 L il +1 
2.0¥ 3 5 4 R 21% + 4% 
2.0 3 a .08 40 L % + % 
1.0¥ 3 645 2 R 2 + 3 
3 .05 20 L 0 + 0 


1.0y 
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injected groups with “twice” injected groups indicates a quadrupling 
of effectiveness in the latter case. 

Discussion. Our observations do not support the assumption that 
local stimulation of the crop-sac is due to uncomplicated diffusion 
of prolactin. The volume of fluid injected seems to have an influ- 
ence or control on the sensitivity of the reaction and this influence 
is far greater than that which is expected. This may indicate that, 
in response to the irritation produced by the injection, some sub- 
stance released in the skin serves to augment the effect of the pro- 
lactin. This assumption is supported by the low effectiveness of 
prolactin injected subcutaneously over crop-sacs, and by other 
current observations made in this laboratory which show that 
substances which irritate or insult the skin at the site of injection 
will cause some cellular proliferation (confirmed histologically ) 
of the crop epithelium. To date none of those irritating substances 
induce such proliferation when injected systemically. 

Calculations of the relative sensitivity of the local and the systemic 
methods are of interest. Systemic assays of prolactin No. 437, the 
preparation used in all our tests, showed it to contain 5 Riddle- 
Bates (or 5 International) units per mg. This is equivalent to about 
1.5 to 2.0 systemic minimum stimulating doses (M.S.D.;. 50% 
positive) per mg in a 450 g pigeon (1.e., 500 to 700 y = 1 M.S.D.). 
Using 2 injections, each of 0.5 ml volume, over the crop-sac the 
M.S.D. of No. 437 was found to be not more than 0.25 y; when a 
single injection was employed 4 times as much prolactin (1 y) was 
required. These values thus indicate an increase in sensitivity of at 
least 500 and 2,000 times for single and double injections, respec- 
tively. The magnitude of these increases agrees well with Lyons’* 
value of 1,000 for a single injection; but it differs greatly from 
results of Bergman, Meites and Turner* who report an increase of 
only 178 although they used the still more sensitive 4-day test (of 
Lyons). From such 4-day tests Lyons’ reported an increased sensi- 
tivity of 10,000 times. 

The importance of volume of fluid injected is not appreciable 
in systemic injections by the intramuscular route. 

Summary. In 2 types (single and double injection) of 48-hour 
micro-methods for assaying prolactin, in which the injection volume 
was 0.05 ml, 4 times as much prolactin was required for minimum 
stimulation as when the volume was 10 times larger, 0.5 ml. A 


3 Lyons, W. R., Proc. Soc. Exp. Bion. AND MEp., 1937, 35, 645. 
4 Bergman, A. J., Meites, J.. and Turner, C. W., Endocrinol., 1940, 26, 716. 
5 Lyons, W. R., Cold Spring Harbor Symposia on Quant. Biol., 1937, 5, 198. 
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minimum stimulation dose of prolactin in 0.05 ml thus has its 
apparent effectiveness increased 4 times by a dilution of 10 times. 
No simple explanation of this result is apparent. Micro-assays 
of prolactin by intracutaneous injections over crop-sacs must utilize 
a constant volume of fluid to be of much quantitative value. 
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Use of Illuminating Gas to Check Metabolism Apparatus. 


IvAN BUNNELL AND FRED R. GRIFFITH, JR. 
From the Department of Physiology, University of Buffalo, Buffalo, N. Y. 


Combustion of alcohol, ether or acetone is standard procedure 
to check the operation of metabolism apparatus (Carpenter, et al.’). 
We have found it impossible, however, to devise a burner by which 
the combustion of any of these would proceed evenly for meta- 
bolically significant periods at rates comparable to the respiratory 
metabolism of the rat. On the other hand, small validity would seem 
to attach to a test several times more severe than planned capacity; 
failure would be no indication of inability of the apparatus to do 
what it was designed to do; nor would success be any guarantee that 
it could perform the more delicate task for which it was made. 
A micro-balance is not checked with kilogram weights. 

As a result, recourse has been had to combustion of gas which 
can be successfully controlled at almost any desired rate. It was 
originally intended to use a pure, commercial preparation of one 
of the lower hydrocarbons in order to eliminate the necessity of 
control determinations. Preliminary work with ordinary illuminat- 
ing gas from the city mains was so satisfactory, however, that it 
has been adhered to; especially since equipment was at hand for 
the necessary control determinations which involve only slightly 
additional work. 

Since the only difficulty in the application of this principle 1s 
accurate measurement of the small volume of gas burned, descrip- 
tion of an apparatus which has been found accurate and simple to 
operate and is easily assembled from odds and ends about any 
laboratory may be of interest. 

This apparatus is shown diagrammatically in Fig. 1. 


1 Carpenter, AQ M., Fox, E. L., and Sereque, A. Beg Biol. Chem., 1929, 82, 335. 
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The gas sample, 
not absolutely 
line. Instead 
lnations is secured in the 18 liter carboy (C,) by 
water displacement into the similar carboy (C), 
needed, the gas is displaced from (C,) into the rubber football 
bladder (B) by siphoning of water from (C) to (GE) 

The combustion chamber, ( C-C) 5.5 em in di 
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Conversely, as 


ameter and 25 cm 
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apparatus (Schwabe and Griffith’). The base of the chamber (S) 
is the upper part of a wide-mouth bottle and contains mercury for 
an air-tight seal. Tube (O) connects with the oxygen measuring 
device of the metabolism apparatus and admits pure oxygen as 
needed. Tubes (G) and (G,) connect with the carbon-dioxide 
absorbers of the metabolism apparatus, by which, also, circulation of 
air within the chamber is maintained. (t) is a thermometer and 
(V ) a tube which is open during assembly of the chamber to equalize 
to Tissot 


irometer s— 


Fig2. 


2 Schwabe, E. L., and Griffith, F. R., Jr. J. Nutrition, 1938, 15, 187. 
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pressure. The illuminating gas is admitted through (M) to whose 
end, within the chamber, a 26-gauge hypodermic needle (N) which 
serves as burner, is attached by rubber tubing. The burner (and 
flame) is protected from air-currents by the chimney (Ch). 

Gas measurement is made by the assembly consisting of the one- 
liter suction flask (R) and the tube (T) which is 2.5 cm in diameter 
and 100 cm long. It is merely an adaptation of the “microspirom- 
eter” of Hanan® similar to that used by Schwabe and Griffith 
to measure the rate of oxygen utilization in the metabolism 
apparatus. At the beginning of a run (T) is full of water and (R) 
has been filled with gas to be burned through tube (X) from the 
bag (B). During a run, due to the fact that the end of (r) in (T) 
is 15 cm above the opening of (Z) in (R), water flows from (T) 
to (R) through (Z), and gas enters (T) from (B) through (r) 
(Mariotte principle), thus establishing a slight, constant, positive 
pressure on the gas in (R). This gas is forced from (R) through 
(M) to (N) at the tip of which it is burned. By proper adjust- 
ment of the screw-clamp (4) water can be made to flow from (T) 
to (R) and gas from (R) to (N), at any desired rate. (T) is 
carefully calibrated so that the amount of water siphoning into (R) 
and therefore the volume of gas which has been burned, can be 
accurately known. 

Procedure, At the beginning all clamps are closed except (11) 
and (12). Since there is positive pressure on the gas sample in (C, ) 
this will fill the football bladder (B). Also with clamps (6) and 
(2) open and the combustion burner (N) open to the room, (R) 
is thoroughly flushed out to make sure it contains no trace of foreign 
gas. Clamps (2) and (6) are then closed, as well as (11) and (12). 

To set (R-T) fora run, 4.2, to get the watemironn (R)etosgn) 
a negative pressure is established by the leveling bulbs (L) and 
(L.). Open (13) =and-raise (Ua) “until eas eral close «(13s 
Lower (L,) below (L); this establishes a negative pressure in (L) 
which upon opening clamps (9), (3) and (6) will draw water from 
(R) to (T). Actually, since (T) is 100 cm long, sufficient negative 
pressure to effect this transfer is obtained with the help of a 
water-faucet suction pump attached to the upper, open end of 
(L,). When this transfer is complete (9) is closed, the suction 
is stopped and (3) and (6) are closed. 

By operating the unit (T-R) as a closed system as is done here 
and as explained by Schwabe and Griffith who used a similar modi- 
fication of Hanan’s device for measurement of oxygen admitted 


3 Hanan, E. B., Science, 1929, 70, 582. 
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to the metabolism chamber, the water that is employed is kept in 
constant contact and equilibrium with the gas that is used, thereby 
preventing error due to solution of the gas in the water. 

At this time all clamps are closed. 

To prepare for a run, clamps (7), (4) and (2) are opened in 
this order. Due to the slight positive pressure between (T) and 
(R), water will immediately begin to siphon from (T) to (R); 
gas will enter (T) from (B) at atmospheric pressure and will escape 
from the burner (N) where it is lit. The chimney (Ch) is put in 
place, the line to the oxygen supply opened, and with clamp (1) 
open the combustion chamber is put in place. Before closing (V) 
slight suction is applied to it to draw enough pure oxygen into the 
chamber to make sure the flame will burn; clamp (1) is then closed. 

Control determination is effected by the set-up shown in Fig. 2. 
A sample of the same gas is transferred from the carboy (C,) to 
the small one-liter, Krogh spirometer (S) and burned at the tip 
of the 1 mm capillary glass tube (Ca) in the combustion chamber 
(CC). The flame is protected by the baffle (n) from the current 
of air (from the compressed air supply) which enters the com- 
bustion chamber after being washed through NaOH (t-t,) and 


TABLE I. 
Results. 

Rate gas Rate of Og 
burned, Ratio Ratio utilization, 
ce/min R.Q. COo/gas Oo/gas ec/min 

1/9/40 E* 5.0 51 82 1.60 1300 
Ct .49 79 1.60 

1/9/40 E 10.0 52 .82 1.58 16.00 
C .49 79 1.60 

1/22/40 E 5.5 51 84 1.68 9.25 
C 2 87 1.66 

2/5/40 E 5.1 49 79 1.57 8.01 
6) 50 83 1.68 

2/13/40 E 5.2 49 85 72 9.15 
Cc 50 85 eal 

4/22/40 E 6.5 52 .84 1.62 10.53 
Cc 50 86 1.73 

Average E 1 .83 1.63 
C 50 83 1.66 


*Refers to results obtained when a small flame was burned in the Schwabhe- 
Griffith Metabolism Apparatus. : 

+tRefers to results obtained when the products of combustion of a larger flame 
were determined with the Tissot spirometer and gas analysis. 
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on leaving (at the top of CC) is collected and measured in a 100- 
liter Tissot spirometer. This air is then analysed in Haldane 
apparatus. 

Comparison of the results obtained in a few of the more recent 
“experimental” and “control” determinations is shown in Rabie 1 
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Studies on Intercostal Nerve Physiology. 


ALFRED J. KAHN. (Introduced by Arno B. Luckhardt. ) 
From the Hull Physiology Laboratory, University of Chicago. 


Pathological cases of processes involving the parietal pleura and 
the diaphragmatic pleura innervated by the lower intercostal nerves, 
and the attendant referred pain and muscular rigidity in the 
abdominal region (lower quadrant), have long suggested neural 
associations between the regions involved. Capps’? competent 
studies upon such clinical cases have yielded valuable information 
relating the portion of pleural membrane or diaphragm stimulated 
to site of referred pain. 

It is a well established fact known to clinicians that:* ‘The 
abdominal symptoms .of thoracic disease are often so misleading 
that needless or harmful. surgery may be carried out. A pleurisy 
may give referred pain over the distribution of the 6 lower inter- 
costal nerves, with fever may simulate appendicitis.” 

In attempting to establish a physiological basis for such phe- 
nomena, we have investigated the intercostal nerves of dogs. The 
effects of our various manipulations upon blood pressure and 
respiration were kymographically recorded, the blood pressure ob- 
tained from the carotid artery, and respiratory movements recorded 
by the usual pneumograph-tambour method. In cases where a 
pneumo-thorax was unavoidable, artificial respiration was admin- 
istered. Isolation of various intercostal nerves and their branches 
was facilitated by appropriate rib resection, A tetanizing current 
was used for nerve stimulation. 

Stimulation of the central end of any intercostal nerve results in 
a transient lowering of blood pressure (approximately 25 mm Hg.) 


1 Capps, J. A., An Hauperimental Study of Pain, Macmillan, 1932. — 
2 Nelson, Living Medicine, Thomas Nelson and Sons, 1920-1937, &, 222. 
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and an inhibition of respiration for a short interval of time. The 
interval of respiratory inhibition varied in length from 3 to 5 
seconds. Normal respiration is resumed after this interval in spite 
of continuous stimulation. In some cases a decided decrease in 
amplitude of respiratory excursions was the only respiratory change 
observed. It was found that the lower intercostal nerves gave rise 
to more marked respiratory effects than the upper ones. 

In attempting to relate the aforementioned effects to specific 
branches of the intercostal nerves, it was found that the effects 
on blood pressure and respiration may be elicited by stimulating 
the central ends of intercostal branches innervating the diaphragm, 
parietal pleura, and rectus abdominis muscle. 
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Stimulation of the central end of a branch of the intercostal 
innervating the diaphragm elicits a spasm of the rectus abdominis 
muscle. Since this reflex is also elicited by stimulation of the 
central end of the main trunk of a lower intercostal nerve (6-12), 
and the reflex is not abolished until all of the lower intercostals are 
severed, regardless of the order in which they are severed, the 
efferent fibers of the reflex arc must traverse several of the lower 
intercostal nerves (trunks X-XII especially). This striking reflex 
is undoubtedly the cause of the increased tonus of the rectus 
abdominis muscle observed in many cases of lobar pneumonia and 
pleurisy. 

The effect of the parietal pleural nerve fibers upon respiration 
suggests a normal regulatory mechanism of respiration caused by the 
mechanical rubbing of the 2 pleural membranes during respiratory 
movements. Such a regulatory mechanism was also suggested by 
the work of Scott, Gault, and Kennedy* who recorded action po- 
tentials from the peripheral end of an intercostal nerve during chest 
expansion. Pike and Coombs* likewise obtained evidence pointing 
to a regulatory mechanism of respiration by thoracic and cervical 
dorsal nerve root section. We sectioned the vagi and phrenic 
nerves and strongly inflated the lungs with air, whereupon respira- 
tion ceased for about 20 to 25 seconds. After respiratory move- 
ments had started, the lungs were allowed to deflate, and another 
inhibition of respiration ensued, due to the mechanical stimulation 
of the parietal pleura by the deflating lungs. The extent of this 
inhibition with double vagotomy and phrenicotomy was approxi- 
mately 10-15 seconds. Inflating a balloon in the chest cavity and 
thus expanding the chest wall internally results in the same respira- 
tory effects. When the phrenic nerves are allowed to remain intact, 
the intervals of inhibition are greatly reduced (2-5 seconds), and a 
high cord section (at first thoracic segment) completely abolishes 
the inhibition, The effect of the phrenic nerves is due to the affer- 
ent fibers in them increasing the respiratory rate, as shown by 
Robb and Deason.” 

We believe that the intercostal nerves reinforce the Hering- 
Breuer reflex in normal respiration. The intercostal nerves may 
also be a factor in regulating the rate of the respiratory excursions 
with changes in amplitude, that is, the greater the stimulation of 


the intercostal fibers, the greater the interval to the next respiratory 
movement. 


3 Scott, Gault and Kennedy, Am. J. Physiol., 1922, 59. 
4 Pike, F. H., and Coombs, Helen C., Am. J. Physiol., 1922, 59. 
5 Robb and Deason, Am. J. Physiol., 1911, 28. 


PH oF Various Fiums or Cow GENITAL TRACT Sy 


Summary and Conclusions. 1. Stimulation of the central end 
of any intercostal nerve causes a reflex inhibition of respiration and 
effects a concomitant drop in blood pressure. 2. The lower inter- 
costal nerves (7-12) elicit a greater response than do the upper 
ones. 3. Stimulation of the intercostal branches to the parietal 
pleura, diaphragmatic pleura, and rectus abdominis muscle give the 
respiratory inhibition and lowered blood pressure (approximately 
25 mm of Hg.) 4. Stimulation of sensory or intercostal fibers 
in the diaphragm causes reflex contraction of the abdominal muscula- 
ture through reflex connection with other lower intercostal nerves. 
5. Among other things, these results furnish the physiological 
mechanisms involved in referred pain and muscular rigidity in the 
lower abdominal quadrant as a result of involvement of the base of 
the lungs, in lobar pneumonia for example. 6. Both expiration 
and inspiration cause the intercostal nerves to be stimulated and 
thereby effect reflexly respiratory inhibition. a. Inspiration more 
strongly inhibits respiration than does expiration. b. At the end 
of inspiration, the intercostal nerves aid the Hering-Breuer reflex. 
c. After expiration the intercostal nerves constitute a factor that 
determines lapse of time before the next inspiration. 7. Abnormal 
respiration and tightening of the abdominal musculature may be 
indicative of an irritation in the peripheral region of the diaphrag- 


matic pleura. 


I hereby wish to acknowledge that Dr. Arno B. Luckhardt sug- 
gested the problem and rendered valuable aid in its prosecution. 
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H Ion Concentration of Various Fluids of the Genital Tract 
of the Cow. 


Henry A. Larpy, W. D. PouNDEN AND PauL H. PHILLIPS. 


From the Departments of Biochemistry and Veterinary Science, College of 
Agriculture, University of Wisconsin, Madison. 


In a study of certain reproductive phenomena in dairy cattle a few 
questions were raised which made it necessary to determine the pH 
of various fluids of the genital tract of the cow. This problem is of 
considerable scientific and practical interest since it is reported by 
Warren! and others that sex can be controlled by the simple ex- 


1 Warren, Carl, Animal Sex Control, Orange Judd Co., 1940. 
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TABLE I. 
The pH of Various Fluids of the Cow. 
a 
pH 

ci eA a ee 

Fluid No. of cases Range Avg 

Vaginal douche (Anestrus) 3 6.0-6.7 6.4 
Cervical fluid 17 7.6-8.9 8.33 
Uterine wash* 13 6.6-7.15 6.8 
Amniotic fluid from calf fetus 6 7.0-7.4 7.12 
Follicular fluid 3 7.52-7.7 7.6 


*5 ee double distilled water was washed through the uterus and the pH of the 
wash determined. 


pedient of acid or alkaline vaginal douches at the time of breeding. 
The fluids in our studies were obtained as follows: 

Specimens of vaginal and cervical fluid were collected from cows 
in the University herd by means of a speculum and pipette. The 
other fluids were obtained from cows immediately after slaughter. 
The pH determinations were made with the Coleman glass electrode 
apparatus. 

In the cow there is very little vaginal secretion during anestrus. 
The data obtained upon the pH of the various portions of the genital 
tract of the cow are summarized in Table I. 

During estrus a cord of heavy gelatinous mucus is secreted from 
the cervix into the vagina. This secretion is distinctly alkaline 
with an average pH of 8.3 and as it flows into the vagina it changes 
the reaction in that organ to a slightly alkaline one. For this reason 
the vagina of the cow in estrus is alkaline. These observations support 
the findings and hypotheses of McNutt? et al. This reaction is quite 
different from the reaction found in the rat, according to Beilly,’ 
where the vaginal fluid is most acidic during estrus. 

From the data given in Table I the sequence of events in the 
impregnation of the cow would indicate that the sperm are ejacu- 
lated into an environment with a slightly alkaline reaction. From 
there the sperm must pass through the cervical gateway in a medium 
whose pH normally lies between 8.0 and 9.0. After passing through 
the cervix the sperm arrives in the uterus which maintains an 
environment at an average pH of 6.8. This is the pH range which 
we have found to be optimum for bull sperm storage. Thus all 
sperm on an impregnation journey in the normal cow pass through 
an alkaline bath before arriving in the uterus where a more optimum 
pH prevails. The pH of solutions of pure sodium bicarbonate is 


2 McNutt, S. H., Schwarte, L. H., and Eveleth, D. F., Cornell Vet., 1939, 29, 415. 
3 Beilly, J. S., Endocrinology, 1939, 25, 275. 
4 Phillips, P. H., and Lardy, H. A., J. Dairy Sci., 1940, 28, in press. 
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about 8.8 which lies within the range of alkalinity of the cervix 
during heat. Furthermore, 10 ce of cervical fluid with a pH of 8.3 
requires 3 to 4 cc of N/10 HCI to bring it to pH 6.5. Thus the 
advocates of pH controlled vaginal douches for the control of sex 
must go beyond the cervix to make their procedure effective in 
the female bovine. 

Summary. A study of the pH of the genital secretions of the 
cow has shown the vagina to be slightly acid in anestrus and slightly 
alkaline in estrus due to the distinctly alkaline character of the 
cervical discharge at that time. The fluids of the cervix during 
estrus average pH 8.3 with a range from pH 7.6-8.9. The fluids 
present in the uterus during estrus have an average pH of 6.8 which 
is a favorable one for sperm survival. 
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Lessened Effectiveness of Bacteriostatic Agents vs. Tuberculous 
Infection in Rabbits with Impaired Functional Efficiency. 


ARTHUR LOocKE, Rose B. LOCKE AND HELEN SCHLESINGER. 
From the Western Pennsylvania Hospital Institute of Pathology, Pittsburgh. 


This is a report of a study of the effect of administered sulfanila- 
mide (SA) and p-caproylaminobenzenesulfonhydroxamide (CH )* 
on the rate of increase in size of the local lesion produced by sub- 
cutaneous injection of a suspension of avian tubercle bacilli, in the 
rabbit, and on the bearing—on that effect—of the functional status 
of the rabbit as indicated by its reaction to chilling.” * 

Table I indicates the comparative intensity of the growth-restrain- 
ing effect exerted by SA and CH in cultures of the avian tubercle 
bacillus in broth. The strain used was M. avium No. 30, from the 
Phipps Institute. It formed smooth, moist, cream-colored colonies 
on Lowenstein’s medium. In broth, it grew in sedimenting, floccu- 
lent masses which formed an even suspension on agitation. The 
culture medium was glycerine veal heart infusion broth of pH 
6.8, distributed in 25 cc amounts in 50 cc Erlenmeyer flasks. The 


* Supplied by Dr. Maurice Moore, Sharp and Dohme, Philadelphia. 

1 Locke, A., J. Infect. Dis., 1937, 60, 106; J. Immunol., 1939, 36, 159; Locke, 
A., and Main, E. R., [bid., 173. 

2 Locke, A., Locke, R. B., Bragdon, R. J., and Mellon, R. R., Science, 1937, 86, 
228; Locke, A., Main, E. R., and Mellon, R. R., J. Immunol., 1939, 36, 183. 
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TABLE I. : 
Comparative Effects of Sulfanilamide (SA) and p-eaproylaminobenzenesulfon- 
hydroxamide (CH) on the Growth of the Avian Tubercle Bacillus in Broth Culture. 
ee 


Avg vol of 
sediment 
from 10 ce 
Total No. of culture Estimated 
cultures Drug Cone. at 20 days, avg To 
Series in group added millimolar ce X 1000 inhibition 
2, 3, 5b 15 none 21 A 
5 CH 26 <i) 97 
(small inocula) 14 CH 52 <i 
6 SA 26 2 93 
9 SA 52 cl 
1, 4, 5a 18 none 24 
tf CH 26 8) 60 
(heavier inocula) 8 sf 52 11 } 
7 SA 26 20 20 
nal SA 52 18) {( 


drugs were added in 0.1 and 0.2 cc volumes of 60% ethyl alcohol 
solution. Equivalent additions of 60% alcohol free of dissolved 
drug produced no recognized growth-checking effect. Ten cc 
aliquots of the cultures were centrifuged after incubation at 38°C 
for 20 days. The collected sediments were found to be pure. 

The series in the lower group in Table I were inoculated from 
3 to 5 times more heavily than those in the upper group. The 
average percent inhibition exerted by the CH in the upper group 
was 97; that exerted by the SA, 93. The equivalent averages for 
the group receiving the larger inocula were 60 and 20. The CH 
would appear to have been, in this im vitro comparison, more effec- 
tive than the SA but less effective against a relatively large inoculum 
than against a small one. CH is, mole for mole, also more effective 
than SA in checking growth of the type I pneumococcus in broth 
culture but is less effective than SA in cultures containing blood.® It 
has approximately the same effectiveness as SA in pneumococcus- 
infected mice.* 

The usefulness of the reaction to chilling as an index of func- 
tional status, in the rabbit, was established in an investigation of 
factors determining non-specific capacity for resistance to pneumo- 
coccal invasion. Rabbits with “warming times” of 30 to 33 were 
found to have a maximum non-specific capacity for surviving such 


3 Main, E. R., Shinn, L. E., and Mellon, R. R., Proc. Soc. Exp. Brot. AND MED. 
1940, 43, 598. 

4 Cooper, F. B., Gross, P., and Lewis, M., Proc. Soc. Exp. Brow. anp MEb., 
1940, 43, 491. 
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TABLE Il. 
Comparative Size of the Local Lesion Developed Following Subcutaneous Injection 
of a Suspension of the Avian Tubercle Bacillus into Treated and Untreated 
Rabbits Making Optimal and Sub-optimal Reaction to Chilling. 


Per diem Approx. area of lesion in em? 
wt loss on the indicated day of infection 
Warming Rabbit Drug in g during — 
timel No. given treatment 9 20 40 60 
Treatment begun immediately after infection. 
30-40 3 none 5 5 7 
1 none 8G 8G 6GD 
671 CH 5 it Ale ©) (6D) 
679 CH 0 1 2 (6) 
2 SA 23 4* (13) (13) 
675 SA 63 4M 
>40 681 none 12 12 10D 
677 none 9G 18G 20GD 
667 CH 14 1k (14) (20GD) 
664 SA 13 ie (9) (12) 
Treatment begun 20 to 40 days after infection. 
30-40 656 none 8 2D 3D 
639 CH. 4 8t 10 
649 CH 0 4t 4 ¢ 
655 CH 0 6t 6D 


“Day of discontinuance of treatment. The subsequent, bracketed values indi- 
cate extent of change in lesion size following cessation of treatment. 

tDay treatment was begun. 

¢Excision of the area revealed persisting tubercle bacilli. The notation M 
means dying. The terminal blood SA level, in this rabbit, 18 hr after the last 
preceding SA feeding, was 28 mg%. G denotes lymph-node invasion and D, 
drainage. 


invasion and rabbits with warming times appreciably longer than 
40, a minimum capacity for survival. Transition from a warming 
time of 40 or longer, to 33, could be induced through enforced rest, 
circulatory support and vitamin administration; and converse im- 
pairment from 33 to more than 40 through exhaustion, shock and 
starvation. The ability of SA to check pneumococcus invasion in 
rabbits with warming times less than 40 was observed to be more 
than double that observed in rabbits with warming times exceed- 
ing 40.° 

The warming times of the upper group of rabbits in Table II 
lay between 30 and 40. Those of the lower group lay beyond 40. 
New Zealand White males were used, from 3 to 4 kg in weight. 
They were injected subcutaneously, within a shaved area over the 
abdomen, with 0.002 to 0.004 cc of sedimented, growing avian 
tubercle bacilli suspended in 0.5 to 0.75 cc of broth, one or more 
days after the last preceding estimation of warming time and from 
0 to 2 hours before beginning drug feedings. The SA was given 
in capsule in a dosage of 0.3 g 8 x daily and the CH in a dosage 
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of 0.45 g 5 x daily or 0.23 g 8 x daily. Preliminary trial had 
indicated the ineffectiveness of smaller, less frequent dosage. The 
drugs could not be given, successfully, in admixture with food. 

The infection was not rapidly fatal. The indicated death of rabbit 
675 was due to sulfanilamide poisoning, not infection. The SA 
proved to be so toxic in effective dosage as to prohibit sustained use. 
Loss of appetite was induced, together with rapid decrease in weight. 
The comparative non-toxicity of the CH was the determining point 
in its choice for this study. CH produced no impairment in appetite, 
significant loss of weight or other directly recognizable injury during 
sustained, massive feedings over periods of 20 to 40 days. Adjuvant 
feedings were given, during protracted CH administration, of 
sodium bicarbonate, ascorbic acid and liver extract. 

The lesions produced at site of injection in the control rabbits 
with warming times of 30 to 40 were, roughly, one half the size of 
those developed in the control rabbits with warming times longer 
than 40. A comparable relationship was apparent in the treated 
rabbits following cessation of treatment. During the period of 
treatment, the lesions in the 30-40 minute rabbits given CH from 
the outset of infection were approximately one-sixth the size of those 
observed in the controls but quickly grew out to normal size follow- 
ing discontinuance. The corresponding lesions in the 30-40 minute 
rabbits given SA were about two-thirds the size of those observed 
in the controls. No significant effect of CH or SA was indicated 
in the rabbits with warming times exceeding 40, either on a basis 
of lesion size at time of drug discontinuance or on a basis of extent 
of further development following withdrawal. CH administration 
begun 20-40 days after infection was without significant checking 
effect. The infection was in no case eradicated. 

Summary. Sulfanilamide and p-caproylamiinobenzenesulfon- 
hydroxamide, producing 20 and 60% inhibition of growth, re- 
spectively, in broth cultures of the avian tubercle bacillus, exert a 
comparable degree of restriction on the rate of increase in size of the 
local lesion produced by subcutaneous injection of this organism, 
in rabbits with warming times less than 40, but not in rabbits with 
warming times appreciably longer than 40, 
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Sulfapyridine and Serum in Experimental Type III Lobar 
Pneumonia. 


J. L. Wricut anp F. D. Gunn. 
From the Department of Pathology, Northwestern University Medical School. 


Previous experiments’ have demonstrated that sulfapyridine and 
sulfanilamide were about equally effective in reducing mortality in 
Type III lobar pneumonia of rats. Up to the time of publication 
of those results, the samples of specific antiserum that we had tested 
had shown no decisive effects in protecting against Type III in- 
fections in rats. Within the last year accurately standardized, highly 
concentrated Type III serums* have been available and in our 
experiments, when used in large doses, they have exhibited a pro- 
tective value approaching that of type specific serum in Type I 
pneumococcic pneumonia.” 

In these experiments serum and sulfapyridinet were used together 
and separately in doses which had been found to afford the greatest 
degree of protection. The optimal quantity of serum was found 
to be between 1,000 and 2,000 units per rat when the total was dis- 
tributed over a period of 7 days and that for sulfapyridine between 
850 and 1250 mg when given in divided doses over the same period. 

One hundred and sixty young adult rats weighing between 140 
and 280 g were infected in groups of 40 by the intrabronchial 
method previously described by Nungester and Jourdonais.* In 
each group there were 10 untreated controls, 10 treated with serum 
by intraperitoneal injection, 10 treated with sulfapyridine, admin- 
istered by stomach tube, and 10 treated with both serum and sul- 
fapyridine. 

The strain of Type III pneumococcus was that used in previous 
experiments.1. The dose used in the first 2 groups of 40 rats was 
0.1 cc of a 16-hour bouillon culture, diluted to 10°. This produced 
in the untreated controls a mortality of 63%. In the third and 
fourth groups the dose was increased 10 times (10% dilution) and 
the initial mortality was 100%. 

Treatment was begun in all cases about 4 hours after injection. 


* Donated by Lederle Laboratories, Inc., New York, N. Y. 

+ Donated by Merck and Company, Rahway, N. J. 

1 Kepl, M., and Gunn, F. D., Proc. Soc. Exp. Bion. AND Mep., 1939, 41, 457. 
2 Kepl, M., and Gunn, F. D., Proc. Soc. Exp. Biot. AnD MeEp., 1939, 40, 529. 
3 Nungester, W. J., and Jourdonais, L. F., J. Bact., 1935, 29, 34. 
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TABLE I. ; 
Sulfapyridine and Serum in Experimental Type III Lobar Pneumonia. 
Total No. No. No. % Dilution of 
of rats survivors fatalities mortality Therapy organisms 
Noe 7 12 63 None 1:100,000 
20 13} if 35 Serum 1:100,000 
1g 14 5 26 Sulfapyr. 1:100,000 
ey 14 5 26 Serum and Sulfapyr. 1:100,000 
20 0 20 100 None 1:10,000 
20 + 16 80 Serum 1:10,000 
18* ial i 39 Sulfapyr. 1:10,000 
16* 10 6 33i/ Serum and Sulfapyr. 1:10,000 


*In each group 20 animals were originally injected. However, those killed by 
trauma incurred by the injection of the drug, or those which did not show the ink 
spot tracer in the lung on post-mortem examination, were deleted from the experi- 
ment. 


The initial dose of sulfapyridine was 250 mg, emulsified in 2 cc 
of 1.5% mucin. This was followed by a twice daily dose of 125 mg 
for 2 days and then 125 mg daily for 4 more days. In the first 2 
experiments the initial dose of serum was 250 units in 1 or 2 cc of 
saline and the maintenance dose was 125 units given twice daily on 
the second and third days and once a day for the next 4 days. In 
the third and fourth experiments the method differed only in that 
the initial dose was 500 units instead of 125 units. 

In the table, the first and second groups and the third and fourth 
groups are combined. Serum therapy alone resulted in a reduction of 
mortality from 63% to 35% in the 80 rats which were infected with 
the smaller dose of pneumococci. Under the same conditions, 
animals receiving sulfapyridine alone showed a mortality of 26%. 
The same figure is shown for the group receiving both serum and 
sulfapyridine. 

In the 80 rats which were infected with the larger dose (10+ 
dilution ) serum therapy reduced the mortality from 100% to 80%; 
sulfapyridine therapy reduced it to 39%. A combination of sulfa- 
pyridine and serum showed no significant improvement over sulfa- 
pyridine therapy alone, giving a mortality of 37%. Under the 
second group of conditions, where the most important factor which 
has been changed is the dose of pneumococci (increased from a 
dilution of 10° to 10“) sulfapyridine appears to be about 3 times 
as effective as serum (survival rate of about 60% for sulfapyridine 
and about 20% for serum). In unpublished experiments we have 
found that a further increase of the dose of serum, especially in 


the first 2 days, does not further reduce the mortality when the 
infecting dose is large. 
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Summary. Under the conditions of our experiments the pro- 
tective value of highly concentrated type specific serum in optimal 
doses and that of sulfapyridine in optimal doses are approximately 
equal when the infecting dose of Type HI pneumococci is relatively 
small, resulting in a mortality of 63% in untreated animals. When 
the infecting dose is sufficiently large to produce an initial mortality 
of 100%, the mortality after sulfapyridine therapy is significantly 
less than after serum therapy. Combining serum and sulfapyridine, 
each in optimal dose, does not reduce mortality below that of. 
sulfapyridine therapy alone in Type III pneumococcic pneumonia, 
differing in this respect from results previously obtained from 
similar experiments with Type I pneumococcic pneumonia. 
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Effect of Sulfanilamide, Sulfapvridine. and Sulfathiazole on 
Staphylococcus Toxins.* 


Mitwarp Bayriss. (Introduced by Martin Frobisher, Jr.) 


From the Department of Bacteriology, School of Hygiene and Public Health, 
Johns Hopkins University, Baltimore, Md. 


Conflicting reports have appeared in the literature on the neutrali- 
zation of staphylococcus toxins by sulfanilamide and allied com- 
pounds. Levaditi and Vaisman’ were unable to demonstrate any 
effect of prontosil, neoprontosil, and other azo-sulfonamide deriva- 
tives against staphylococcal hemolysin, although they claimed these 
compounds neutralized the effect of streptococcal leucocidin and 
hemolysin. Later Levaditi, Vaisman, and Reinie? reported that 
none of the compounds tested was effective against staphylococcus 
lethal toxin. Osgood and Powell’ found that sulfanilamide in con- 
centrations of 1:1000 or less did not inactivate significant amounts 
of staphylococcal hemolysin. Recently Carpenter and his co- 


* The author wishes to acknowledge his appreciation of the interest, and the 
valuable suggestions of Dr. E. K. Marshall, Jr., and Dr. Perrin Long. 

1 Levaditi, C., and Vaisman, A., Compt. Rend. Soc. de Biol., 1935, 120, 1077. 

2 Levaditi, C., Vaisman, A., and Reinie, L., Compt. Rend. Soc. de Biol., 1937, 


126, 1937. 
3 Osgood, E. E., and Powell, H. M., Proc. Soc. Exp. BioL. AND MeEp., 1938, 


39, 37. 
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workers*” have reported an antitoxic effect of sulfanilamide and its 
derivatives on toxins formed by the gonococcus, pneumococcus, 
staphylococcus, Streptococcus hemolyticus, Clostridium botulinum, 
Clostridium tetani, Clostridium septicum (vibrion septique), and 
Clostridium perfringens. Although in his in vivo experiments he 
reports in one paper’ neutralization, and in another paper,’ failure 
to neutralize staphylococcus lethal toxin, he reports statistically 
valid in vitro experiments demonstrating consistently the neutraliza- 
tion of staphylococcus lethal toxin. 

In the present study, toxins from 4 strains of hemolytic staphylo- 
cocci were used, as well as one batch of toxin labelled “Lot O” pre- 
pared by Carpenter. The effect of sulfanilamide (para amino 
benzene sulfonamide), sulfapyridine (2-sulfanilyl amino pyridine), 
and sulfathiazol (2-sulfanilyl aminothiazole) on these toxin prepara- 
tions was investigated. The toxins were prepared according to the 
method of Dolman and Wilson.* A 2-day culture of the organism 
following growth on semi-solid agar was passed through filter paper, 
and finally through a Seitz filter to remove the bacteria. The 
M.L.D. of each lot of lethal toxin was determined for adult mice 
weighing 22 to 26 g. In this study two strains of albino mice and 
one strain of black mice were used, but only one strain of mice was 
used in each experiment. Each group, including the control group, 
contained the same proportion of males and females with comparable 
weights. The mice were observed for 7 days, although very few 
deaths occurred after 48 hours. The sulfanilamide or its derivative 
(in 0.85% sodium chloride solution) was thoroughly mixed with the 
toxin and 1 ce of the mixture injected intraperitoneally into each 
mouse from 5 to 45 minutes following mixing. Control mice re- 
ceived 1 cc of the saline solution containing the same amount of 
toxin. 

During initial experiments in which a dose of toxin was admin- 
istered sufficient to kill 100% of the control mice, it was always 
found that 100% of the mice injected with toxin-sulfanilamide 
mixtures also died. Subsequent experiments were therefore per- 


4 Carpenter, C. M., Barbour, G. M., and Hawley, P. L., J. Pediatrics, 1939, 
14, 116. 

5 Carpenter, C. M., and Barbour, G. M., Proc. Soc. Exp. Bron. AND MEp., 1939, 
41, 354. 

6 Carpenter, C. M., and Barbour, G. M., Proc. Soc. Exp. Bion. AND Mep., 1939, 
41, 255. 

* Carpenter, C. M., Proc. Third International Congress for Microbiol., 1939, 
7, 595. 


8 Dolman, C, E., and Wilson, R. J., J. Immunology, 1938, 35, 13. 
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TABLE I. 
Effect of Sulfanilamide and Allied Compounds on Staphylococcus Lethal Toxin. 


Mice injected 


Prey ee a ee TN 

Total No. survived % survival 
Control 150 79 56 
1:100 Sulfanilamide 100 3 36 
1:200 We 100 39 39 
1:1000 2) 120 Lay) 45 
1:1000 Sulfapyridine 120 58 48 
1:1000 Sulfathiazole 120 61 51 


formed in which approximately half of the control mice survived. 
Table I summarizes the results of the latter experiments. It is 
evident that rather than neutralizing the lethal action of the toxin, 
if anything the drugs slightly enhanced the toxicity to mice. It is 
difficult to reconcile these results with those of Carpenter. It was 
therefore thought desirable to determine whether these compounds 
might influence the other toxic activities of staphylococcus toxin. 

The neutralization of dermo-necrotic toxin was tested by injecting 
4 albino guinea pigs and 4 albino rabbits with staphylococcus toxin 
plus various dilutions of sulfanilamide and its derivatives. Each 
animal was injected intradermally with .2 cc of each mixture. The 
area of necrosis was measured on the fifth day. The average of 
these measurements is listed in Table II. 

It is obvious that there was no neutralization of the dermo- 
necrotic factors present in the toxin. 

The effect on the hemolysins was studied by several methods. 
Using 2 hemolytic units of toxin with the addition of various con- 
centrations of the sulfonamides to a 1% rabbit erythrocyte suspen- 
sion, it was found that high concentrations of the chemicals reduced 
the hemolysis partially, whereas concentrations normally attained 
in the blood during treatment of infections had no effect. This 


TABLE II. 
Effect of Sulfonamides on Dermo-necrotizing Toxin. 


Avg of areas of necrosis, 


em2 

Toxin + saline solution (control) 2.2 
»7 + 1:10,000 sulfanilamide 2. 
77 + 1: 1,000 ne 2.2 
(Jeet ee LOO ce 2.3 
?? + 1:10,000 sulfapyridine 2.2 
77 + 1: 1,000 re 2.1 
77 + = 1:10,000 sulfathiazole 2.2 
Cele e000 ae 2.0 
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TABLE III. 
Effect of Sulfonamides on Alpha-Hemolysin. Lo 
Rabbit erythrocytes 1% + 2 hemolytic units staphylococcus hemolysin incubated 
1 hour 37°C. 


Concentration, % mill .05 025 .0125 .006* .0002* Control 
Sulfanilamide 2+ 3+ 3+ 4+ 4+ 4+ 4+ 
Sulfapyridine 2+ 84+ 44 4+ 4+ 
Sulfathiazole 2+ 3+ 4+ 4+ 4+ 


*Concentrations of .003, .0015, .0008, and .0004 gave same results as .006 and 
0002. 


confirms the report of Osgood and Powell,® and of Gross, Cooper, 
and Lewis.° Similar experiments, using sheep erythrocytes with 
incubation at 37°C for one hour followed by 12 hours at 7°C, gave 
essentially the same result. 

Blood agar plates were prepared containing various concentra- 
tions of the 3 chemicals. The results in Table IV demonstrate 
that decreased production of hemolysin by staphylococci is due 
mainly to a decreased growth rate. 

In a series of experiments to determine the effect of these com- 
pounds upon staphylococcus enterotoxin, no demonstrable neutral- 
izing activity was found. Kittens injected intraperitoneally with 
toxin-sulfanilamide mixtures vomited in the same length of time, 
and with the same degree of severity as kittens injected with toxin 
alone. 

Using dilutions of 24 hour broth cultures of various strains of 
staphylococci mixed with various concentrations of the 3 com- 
pounds, no significant alteration of coagulase other than might be 
attributed to reduced growth rate of the organism was observed. 

Although numerous statements have been made concerning the 
mechanism by which sulfanilamide acts, there is very little proof 
in support of any of these, other than those concerning its bacterio- 
static action. The experiments described in this report were per- 
formed in the hope that the neutralization of the toxic products 


TABLE IV. 
Effect of Sulfonamides on Hemolysin Production in Blood Agar Plates. 


Control Sulfanilamide Sulfapyridine Sulfathiazole 


Concentration % AU Oa AL@) 50 Ot Od One 
Diameter hemolysis (mm) 4.5 Be alle’ (18) 2.85 230% 22o lee 
Diameter colony (mm) 1.6 Higa aL: OL OLS Ona OMe Ond, 


*Indicates partial hemolysis. 


9 Gross, P., Cooper, F. B., and Lewis, M., Proc. Soc. Exp. Brot. AND MED., 
1938, 38, 275. 
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might be one of the main activities of the sulfonamide compounds, 
and that more potent antitoxic compounds might prove even more 
useful in the treatment of bacterial infections. These experiments, 
however, lead one to believe that the only manner in which the 
toxicity of staphylococci is affected is by an inhibition of growth of 
the organism with a consequent decreased production of toxin. 

Summary. Toxic manifestations of staphylococci are not in- 
activated in vitro by sulfanilamide, sulfapyridine, or sulfathiazole. 
The lethal toxin, dermo-necrotic toxin, coagulase, and enterotoxin 
are not neutralized by solutions of the sulfonamides tested at 37°C. 
a- and 8-hemolysins are slightly diminished in activity at concentra- 
tions approaching the saturation point of the sulfonamides, but are 
unaffected at concentrations of less than .01%. These compounds 
appeared to decrease hemolysin production by decreasing the growth 
rate of the organism. 
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Response of Plasma Volume to Diuretics. 


D. B. Carvin, GEORGE DECHERD AND GEORGE HERRMANN. 


From the Departments of Biological Chemistry and Medicine, University of Texas, 
School of Medicine, Galveston, Tezas. 


Previous work’ has led us to conclude that mercurial diuretics act 
by diminishing tubular reabsorption, while administration of amino- 
phyllin produces an increase in the volume of the glomerular filtrate. 
Earlier work? suggested a high circulating blood volume in con- 
gestive heart failure, but there was no complete agreement as to the 
change following diuresis. Recent determinations’ by a more satis- 
factory method* demonstrate a marked elevation of blood and plasma 
volume in patients with failure, and a decrease towards normal with 
the development of circulatory compensation. A similar decrease 
has been noted after the use of mercurial diuretics.° 

We have followed over 12 to 24 hours the changes in plasma 
volume, determined by the method of Gibson and Evelyn,* after the 

1 Herrmann, G., and Decherd, G., J. Lab. and Clin. Med., 1937, 22, 767. 

2 Goldhammer, S., Leiner, G., and Scherf, D., Klin. Woch., 1935, 14, 1109. 

3 Gibson, J. G., and Evans, W. A., J. Clin. Invest., 1937, 16, 851. 

4 Gibson, J. G., and Evelyn, K., J. Clin. Invest., 1938, 17, 153. 

5 Harris, Alfred W., personal communication. 
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TABLE I. 
Plasma Volume After Injection of Diuretics. 
eo 
Urine Urine Urine 
Hr after Plasma flow, Plasma flow, Plasma flow, 
drug inj. vol,ee  ece/min vol,ee ¢ec¢/min vol,ee ec/min 
Salyrgan. 
LH ET V 
fe SS a ia 
0 4634 0.86 5260 0.47 5140 0.53 
Ww 4486 alles 5520 .70 5110 .85 
1 4386 8.00 5000 ho 4620 1.78 
2 4060 11.33 4894 48 4620 4.58 
3 4394 56 
5 4916 99 3280 3.78 
7 5088 1.29 
9 4826 1.31 
11 4045 1.33 
Aminophyllin. 
A R AO 
| a eT RE | (oS Cuan iS.) aPe a 
0 3440 1.00 6240 1.05 6120 ed, 
% 6488 3.09 
1 3713 1.05 6840 2.87 6383 5.14 
2 4170 1.70 6720 3.35 6500 5.02 
3 3976 1.92 6660 3.14 6697 4.77 
5 3537 1.58 6220 2.04 7202 1.80 
7 3732 5220 1.70 6278 1.55 
9 3649 4913 1.08 
itt 3683 16 5580 1.20 4072 .60 
Digoxin. 
A SC 
ao"): a pe la \ ¢ y 
0 5070 0.37 3890 0.10 4710 83 
1 5190 56 4130 4.52 4310 3.84 
2 5150 85 3640 2.24 4237 3.67 
3 4970 aval 3682 5.20 4273 1.80 
5 S70 90 3800 2.26 4164 6.08 
a 5140 1.33 3790 3.43 3982 4.50 
9 4830 1.70 3060 3.81 3947 8.20 
11 4446 2.29 2505 3.28 3645 10.00 
24 3820 2.25 


injection intravenously of one of the 3 types of diuretic drugs, 
salyrgan, aminophyllin, and digoxin. The urinary output has also 
been carefully followed, and the plasma volume correlated with the 
degree of diuresis. Data from typical experiments are recorded in 
Table I. It is to be emphasized that under the conditions of our 
experiments the plasma volume is influenced by fluid loss through 
the kidneys and fluid mobilization from the tissues. These factors 
exert an opposite effect, and their relative magnitude determines the 
blood volume. 

When digoxin is injected in a dose of 2 mg there is first noted a 
slight increase in the plasma volume. This has never been great, 
and the time of its appearance seems to depend on the attainment 
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of the desired myocardial effect. As the rate of urinary flow accel- 
erates, this increase disappears and is followed by a reduction, the 
amount of which is determined by the rate of diuresis. 

The fluid eliminated during a rapid salyrgan diuresis seems to 
come largely from the plasma during the first 8 to 12 hours. After 
this period, as the rate of diuresis drops, the plasma volume is par- 
tially restored. In one of our cases there was a delayed diuresis, 
in one no diuretic response to the drug, and the plasma volume was 
slightly increased in each, suggesting that in addition to the usually 
dominant renal action, the mercurial also exerted an accessory effect 
on tissue fluid mobilization.’ 

The administration of 048 g of aminophyllin intravenously 
results in relatively large rise in the plasma volume, amounting in 
various individuals to from 400 to 1200 cc. The first rise coincides 
with the time of maximal diuresis; the plasma volume drops slightly 
during the period of rapid urine flow, but the rise continues as the 
degree of diuresis abates, and persists tor approximately 6 hours. 
After this time the volume drops sharply, presumably due to a return 
of fluid into the tissues, for the rate of urine production has by then 
dropped back nearly to the control level. In one experiment the 
usual rise in plasma volume was preceded 20 minutes after injection 
by a slight drop. The significance of this finding must be further 
explored. The striking increase in plasma volume after amino- 
phyllin injection cannot be adequately explained by the available 
data. The possible mechanisms for tissue fluid mobilization, as well 
as the concomitant shifts in total circulating plasma protein® are 
being further investigated. 


6 Calvin, D. B., Proc. Am. Physiol. Soc., in press. 
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Effect of Azosulfamide (Neoprontosil) on Experimental 
W elchii Infection in Mice. 


P. MorAceEs-OTERO AND Luis M. GONZALEZ. 


From the School of Tropical Medicine, University of Puerto Rico, under the 
auspices of Columbia University. 


Bliss and Long? report that suifanilamide has a curative effect in 
mice infected with Clostridium welchii. Carpenter and Barbour? 
report that oral administration of Neoprontosil prevented death in 
mice given the toxin of Clostridium welch. We decided to study the 
effect of Neoprontosil (Winthrop Chemical Co.)* on experimental 
welchu infection in mice. 

The strain of Cl. welchii used in the following experiments was 
isolated from a human case of gas gangrene and is similar, in its 
biological characteristics, to the classical Cl. welchu described in 
textbooks. The culture was passed through Swiss mice before 
culturing in glucose broth in order to retain its virulence. Its M.L.D. 
for mice under these conditions was 0.1 cc of a 24-hour glucose 
broth culture. 

Experiment [—Ninety mice, separated into 3 groups of 30 each, 
were inoculated intramuscularly with ascending doses of a 24-hour 
glucose broth culture of Cl. welch. The first group was injected 
with 0.05 cc, the second with .075 cc, and the third with 0.1 cc. 
Seventy-nine of these mice, or 87.7%, died before 72 hours—20 
(66% ) in the first group, 29 (96.6% ) in the second, and all (100% ) 
in the third. 

Ninety additional mice were similarly grouped and inoculated, 
but besides the corresponding dose of the organisms, each was given 
1 cc of Neoprontosil intramuscularly at the time of inoculation. 
Eighty-five (94.4%) mice died before 72 hours—25 (83.3%) in 
the first group, and all (100%) in the second and third groups 
(Table leixp lt). 

Ten mice were similarly inoculated with 1 cc of Neoprontosil 
only, and all survived. 


1 Bliss, A. L., and Long, P. H., J. Am. Med. Assn., 1937, 109, 1524. 

2 Carpenter, C. M., and Barbour, G. M., Proc. Soc. Exp. Bion. AND MED., 1939, 
41, 255. 

* The Neoprontosil used was 5% solution, kindly supplied by Mr. Rassow, local 
representative of the Winthrop Chemical Company. 
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TABLE I. 


6$500@"*$—0_0—@$@00DDODOoOoO0Q°0Q 
Groups No. of mice No. of mice % of mice 
studied inoculated that died that died 
Experiment I. 
Control 
30 20 66 

2 30 29 96.6 

3 30 30 106 
Totals 90 79 Si all 

Experimental 
30 25 83.3 

2 30 30 100 

3 30 30 100 
Totals 90 85 94.3 

Experiment II. 

i 30 4 1B 

2 30 7 23.3 

3 30 27 90 

4 30 27 90 

5 30 (0) 0 


In the above experiment, Neoprontosil did not protect mice from 
Cl. welcha infection. 

Experiment II—A 24-hour glucose broth culture was centrifuged 
at high speed. The supernatant was set aside and the sediment was 
repeatedly washed with saline. After repeated centrifugations and 
washings, enough saline was added to the cells to restore the original 
volume of the culture, and 0.1 cc of this suspension was used for 
the inoculations. 

One hundred fifty mice were separated into 5 groups of 30 mice 
each. Group 1 was inoculated intramuscularly with 0.1 cc of washed 
cells of Cl. welch. Group 2 was inoculated intramuscularly with 
0.1 cc washed cells and 0.1 cc filtrate from the same culture. Group 
3 was inoculated with 0.1 cc washed cells and 0.1 cc filtrate, plus 1 cc 
Neoprontosil, Group 4 with 0.1 cc washed cells plus 1 cc Neopron- 
tosil, and Group 5 with 0.1 cc filtrate plus 1 cc Neoprontosil. 

Four mice (13.3%) died in Group 1, 7 (23.3%) died in Group 
2,27 (90% ) in Group 3, 27 (90% ) in Group 4, and none in Group 5. 
(Table, Exp. II.) In this case, the injection of Neoprontosil with 
washed cells of Cl. welchii led to the development of the correspond- 
ing infection, while the washed cells alone showed little tendency 
to develop in the tissues after inoculation. 

In repeating the above experiment, the dose of Neoprontosil was 
lowered, using 0.75 cc, 0.50 cc and 0.25 cc, and in every case, when 
the dose of Neoprontosil was given with washed cells of Cl. welchu, 
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the animal succumbed to infection. On examining the lesions 
produced, one could observe normal phagocytic activity and numer- 
ous organisms within the tissue of the lesions produced. Feinstone, 
Bliss, Ott and Long* present evidence indicating that the activity of 
Neoprontosil depends on its reduction to sulfanilamide in vivo. 

Gye and Cramer? found that ionizable salts of calcium inoculated 
together with washed spores of Cl. welchii or Cl. tetani led to the 
development of the corresponding infections in their fatal form, 
while washed spores alone did not lead to death. Fildes“ thinks 
that there must be some definite stimulus to vegetation in the tissues 
injected by calcium salts, and suggests that this stimulus is probably 
the result of diminished oxygen tension. He showed further that 
the injection of solutions of calcium chloride lead to the production 
of localized areas of oxygen deficiency. We do not know if Neo- 
prontosil in this case acts in a similar way. 

Summary—We were unable to protect mice from M.L.D. of 
Cl. welchu by intramuscular injection of Neoprontosil. The intra- 
muscular injection of washed cells of Clostridium welchii with 
Neoprontosil in mice led to the development of a fatal infection. 
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Blood Progesterone During Sexual Cycle of Macaca rhesus; 
Quantitative Assay. 


Inés L. C. pE ALLENDE.* (Introduced by G. W. Corner.) 


From the Department of Anatomy, The University of Rochester, School of 
Medicine and Dentistry. 


At the suggestion of Professor George W. Corner, the presence 
of progesterone in the blood during the menstrual cycle of the 
monkey, Macaca rhesus, has been studied and an effort made to 


3 Feinstone, W. H., Bliss, E. A., Ott, E., and Long, P. H., Bull. Johns Hopkins 
Hospital, 1938, 62, 565. 

4Gye, W. E., and Cramer, W., Sixth Sci. Rep. Imp. Cancer Res. Fund, 1919, 
pp. 40-57. 

5 Fildes, P., Brit. J. Exp. Path., 1927, 8, 387. 

6 [bid., 1929, 10, 151. 

7 Ibid., 1929, 10, 197. 

* Fellow of the Argentina Association for the Advancement of Sciences. This 
work was made possible by a grant made to Dr. George W. Corner through the 
University of Rochester by the John and Mary R. Markel Foundation. 
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establish the curve of its variation. For this purpose the results 
recently obtained by McGinty, Anderson and McCullough’ provide 
a sensitive qualitative test and within limits (Haskins)? make pos- 
sible a rough quantitative assay. 

Method. Samples of blood were taken every 3 days and the serum 
extracted with ether. The ether extract was treated with 0.2 N 
sodium hydroxide and the ether-soluble fraction evaporated and the 
residue dissolved in peanut oil. A series of dilutions was made in 
such a way that each 0.1 cc of oil contained the ether-soluble fraction 
of 1, 2, 3 and 4 cc of normal serum, respectively. The hormone 
was tested by the method of local intrauterine injections of de 
Mussio-Fournier, Albrieux, Morato, and Grosso.* Immature rabbits 
of an average weight of 710 g were injected daily with 25 I.U. of 
estrogen (Amniotin) for 6 days. On the 7th day operation was 
performed under anesthesia, and 2 segments 2 cm long were isolated 
between ligatures in each uterine horn. Three of these were injected 
with the dilutions which contained the ether-soluble fraction of the 
different quantities of normal serum, and the fourth with peanut oil 
as a control. Autopsies were done at 72 hours after the operation 
and the segments of the uterus were examined histologically. The 
degree of endometrial proliferation was evaluated according to the 
scale of McPhail.* 

Results. Figs. 1, 2 and 3 show the results obtained in 3 Rhesus 
monkeys of the same age and weight. The curve represents the 
variations of the degree of proliferation of the endometrium of the 
immature rabbit obtained with 1, 2, 3 and 4 cc, respectively, of blood 
serum, studied every 3 days. The maximum reactions corresponded 
to the value +++ on the scale of McPhail and the minimum meas- 
ured between 0 and +. In 60% of those cases in which the serum 
extract gave a positive reaction in the segments in which it was 
injected, the segment injected with peanut oil also showed a positive 
reaction between ++ to +++ and +, probably because the hormone 
circulating in the blood stream is concentrated in the peanut oil. 
For this reason, in the second series the use of peanut oil as a control 
was abandoned. In the first study, made during the November- 


1 McGinty, D. A., Anderson, L. P., and McCullough, M. B., Endocrinology, 1939, 
24, 829. 

2 Haskins, Arthur L., Jr., Proc. Soc. Exp. Bion. AND Memp., 1939, 42, 624. 

3 Mussio Fournier, J. C., Albrieux, A. S., Morato, J., and Grosso O., Bull. de 
l’Acad. de Med. Paris, 1938, 120, 273; Rev. de Obstet. e Ginec. de Sao Paulo, 1938, 
3, 203; Endocrinology, 1939, 24, 515. 

4 McPhail, M. K., J. Physiol., 1935, 83, 145. 
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Curves of progesterone in the blood during the sexual eyele of Macaca rhésus. 


December cycle, the curve shows in monkeys 116 and 163 (ial 
and 3) a maximum reaction of +++ and ++ to +++, respectively, 
on the 10th and 11th day of the cycle, while in monkey 149 (Fig. 2) 
it is maintained at the same level (+ to ++) during this first half 
of the cycle. In the 3 animals the curve drops gradually in the second 
half of the intermenstrual period; but while in 2 of them (Hie, 2 
and 3) it becomes negative 3 and 5 days before the next menstrua- 
tion, in monkey 116 (Fig. 1) it reaches a proliferative reaction 
equal to + the day before the catamenial flow. 

The great similarity of results in this first cycle was not observed 
when the investigation was repeated in animals 163 and 149. 
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Monkey 163, which showed all negative reactions in the second 
half of the January-February cycle (Fig. 3) maintained this nega- 
tivity, during the first and part of that which would have constituted 
the second part of the February-March cycle, which was incomplete 
due to the failure of menstruation in the latter month. If we assume 
that menstruation would have occurred between the third and the 
seventh of March, the maximum reaction (++) was observed pre- 
cisely in this period and the curve maintains this maximum during 
what would have been the first half of the following cycle, thus being 
in accord with the first study made. In monkey 149 (Fig. 2) weak 
reactions were obtained at the end of the first and during the second 
half of the January-February cycle and moderate reactions in the 
first part of the February-March cycle. 

In order to control the procedure used we injected this animal 
with 0.010 g of progesterone daily for 5 days. Blood taken on the 
sixth day gave a ++7+ reaction of proliferation with 2 cc of serum, 
successive samples being negative. 

Quantitative Assay. If we use the figures found by McGinty to 
evaluate the uterine proliferative reactions we should be able, by 
trying measured doses, to calculate indirectly the quantity of pro- 
gesterone existing in the blood at any given moment. If as stated 
by this author, ++ to +++ reactions in the uterus of the rabbit are 
produced by doses of progesterone which vary from 5 to 0.5 y, when 
we obtain in our case the same reaction with 2 cc of serum, we may 
deduce that each cubic centimeter of blood serum contained, at the 
moment it was taken, between 2.5 and 0.25 y of progesterone. 

Conclusions. 1. The presence of progesterone was demonstrated 
in the blood of the normal Macaca rhesus. 2. The hormone in 
1, 2, 3 and 4 cc of blood serum was studied every 3 days by means 
of local intrauterine injection in immature rabbits and the degrees 
of progestational reaction of the endometrium measured according 
to the scale of McPhail. 3. With this procedure it was possible to 
obtain the curve of its variations during a complete menstrual cycle 
in 3 Rhesus monkeys of the same age and weight. 4. In 2 of the 
animals the curve shows its maximum (++ to +++ reaction) on 
the 10th and 11th day of the menstrual cycle respectively, while in 
the third it was maintained at a constant level (+ to ++ reaction) 
during the first half of the cycle. In the 3 monkeys the curve 
gradually fell during the second half of the menstrual cycle. 
5. Studies repeated in 2 of the first animals, during 2 complete 
cycles, did not give such clear and definite results, perhaps because 
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of lesser sensitivity of the rabbits to the same small quantities of 
progesterone which were found in the first cycle, rather than to a 
diminution of the circulating hormone. 6. By calculation from the 
figures obtained by McGinty, we arrive at the conclusion that during 
the menstrual cycle of one of the animals studied, the amount of 
progesterone in 1 cc of blood serum at any given moment varied 
between a maximum of 0.25 to 2.5 y and a minimum of 0.06 to 
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Blood Volume in Experimental Hypertension Following Subtotal 
Nephrectomy. Effect of Posterior Pituitary Lobectomy. 


J. Q. GrirFiTH, Jr.,* AND Dwicut J. INGLE. 


From the Robinette Foundation, the George S. Cox Medical Research Institute, 
and the Medical Clinic of the Hospital of the University of Pennsylvania. 


Chanutin and Ferris' described the development of vascular 
hypertension in rats after a 2-stage operation in which two-thirds 
of one kidney and, later, all of the remaining opposite kidney were 
removed. McQueen-Williams, quoted by Winternitz,? noted that 
hypertrophy of the fragment of kidney remaining did not occur in 
such an animal if the pituitary was removed. It was not stated 
whether the hypophysectomy had any effect upon the development 
of the vascular hypertension. The following studies were under- 
taken to determine whether there was any blood volume change asso- 
ciated with an inadequate amount of renal substance, and what rela- 
tionship the pituitary, especially the posterior lobe, might bear to 
such change and to the blood pressure. 

Procedure 1. A series of rats were subjected to the procedure 
described by Chanutin and Ferris; 16 rats survived. Seven to 10 
days later blood pressure was measured by the indirect method of 
Griffith’ and blood volume by the method of Griffith and Campbell. 

* Atwater Kent Fellow in Medicine. 

1 Chanutin, A., and Ferris, E. B., Jr., Arch. Int. Med., 1932, 49, 767. 

2 MceQueen-Williams, M., unpublished. Quoted by Winternitz, M. C., Thomas, 
R. M., and LeCompte, P. M., The Biology of Arteriosclerosis, C. C. Thomas, 1938. 

3 Griffith, J. Q., Jr., Proc. Soc. Exp. Bion. AND MeEp., 1934, 32, 394. 


4 Griffith, J. Q., Jr., and Campbell, R., Proc. Soc. Exp. Bion. AND Mep., 1937, 
36, 38. 
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x: pituitary operation 


@=kidney operation 
7 O=combined 
*=tail gangrene © e ® 


BLOOD VOLUME IN CC. PER 100 GM. 


60 80 100 120 140 160 (SO 3200) 52:20 


BLOOD PRESSURE IN MM. OF HG. 
Fig. 1. 


Blood pressure of the normal rats, under nembutal anesthesia, will 
not exceed 140 mm of mercury when measured by this method, and 
less than 5% of the animals will show pressures in excess of 120. 
Blood volume, expressed in cc per 100 g body weight ranges from 
4.0 to 5.0 cc in normal animals weighing over 160 g while the upper 
limit in animals weighing less than 160 g is 5.3. All animals used 
in this study weighed well over 160 g. 

It is seen in Fig. 1 than in half of the 16 animals, represented by 
solid dots, the blood pressure was 140 or over. In all rats with blood 
pressures of 140 or higher the blood volume was 5.1 or more except 
in one case, a female with a blood pressure of 180 and a blood 
volume of only 3.8. This animal may have been pregnant and, if so, 
should not be included in the series. Some elevation of blood volume 
occurred in 3 animals with blood pressures over 130, while the 
remaining animals with definitely normal blood pressures tended to 
have blood volumes within the normal range. 

Procedure 2. The posterior lobe and half the anterior lobe of the 
pituitary were resected in 4 animals by the usual parapharyngeal 
route. All promptly developed typical diabetes insipidus. Blood 
pressure and blood volume measurements, made 7 to 10 days later, 
are charted as crosses in Fig. 1. All were normal. 

Procedure 3. Fourteen animals survived the combined pituitary 
and kidney operations as described in procedures 1 and 2. The 
operations were performed in 3 stages a week apart, the usual order 
being subtotal nephrectomy, pituitary operation, nephrectomy. The 
first blood pressure measurement was made one week after the last 
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operation. Only 2 of the 14 animals were hypertensive. This meas- 
urement was repeated one week later, when 7 out of 14 were found 
to be hypertensive. Thus the appearance of the hypertension was 
somewhat delayed. At this time blood volume was measured in 12 
animals (one died and in one there was a technical error in the 
intravenous injection of the dye). The results are shown in Fig. 1 
as open circles. Blood volume was increased in only 2 animals, one 
of which was hypertensive while one was not. Blood volume was 
normal in 4 animals with hypertension. 

As an unexpected finding, certain animals undergoing the com- 
bined operations as outlined in procedure 3 developed gangrene of 
the tail, which may be described as moist in contrast with the dry 
gangrene seen after ergotamine poisoning. This occurred in 8 of 
the 13 surviving animals, 12 of which are charted in Fig. 1. Rats 
with gangrene are indicated by dots placed centrally in the open 
circles. The 13th animal had a blood pressure of 163, no tail gan- 
grene, but blood volume determination failed and, therefore, it is 
not charted. It is apparent that there was a tendency for animals 
developing hypertension to escape the gangrene. 

Comment. While the number of animals is too small to permit 
absolute conclusions, certain tendencies are obvious. The increase 
in blood pressure occurring in rats with only about half of one 
kidney remaining is associated, as a rule, with increased blood 
volume. In the absence of the posterior lobe of the pituitary, such 
elevation in blood volume does not occur, but the vascular hyper- 
tension is unaffected. . This may mean that the increased blood 
volume is maintained through the mediation of the posterior lobe of 
the pituitary, or, more likely, that in the presence of a marked con- 
tinuous diuresis an increased blood volume is more difficult to main- 
tain. The gangrene of the tail is difficult to explain. It has never 
occurred in several hundred cases where either the kidney or the 
pituitary operations were performed alone. It would appear that 
without a vascular hypertension the animal is unable adequately to. 
maintain its peripheral circulation under the conditions detailed in 
procedure 3. 

Summary. Experimental hypertension may develop in the par-. 
tially nephrectomized rat in either the presence or absence of the 
posterior pituitary. In the presence of the posterior pituitary 7 of & 
hypertensive rats showed an increase in blood volume whereas in 


the absence of the posterior pituitary 4 of 5 hypertensive rats showed 
a normal blood volume. 
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Axon Branching After Nerve Regeneration.* 


W. G. Watrous. (Introduced by J. M. D. Olmsted.) 


From the Division of Physiology, University of California Medical School, 
Berkeley, California. 


Langley and Anderson’ proved by physiological methods that 
regenerating axons often branch; Kilvington? employed both physi- 
ological and histological methods to demonstrate the multiplication 
of axons in the regenerating segment of a peripheral nerve. Bender 
and Fulton*® showed functional disorders after regeneration of the 
oculomotor nerve in the chimpanzee and attributed them to fiber 
splitting and aberrancy. There is complete unanimity regarding 
the presence of branching axons during regeneration, and in fact 
this response has been used as a method to make up for the deficit 
of axons in cases of anterior poliomyelitis (Feiss,* Dogliotti,®, Aird 
and Naffziger,® and others). To our knowledge, however, there 
have been no experiments reported which directly record those 
muscular contractions which fiber branching makes possible through 
the axon-reflex. 

After section of the peroneal and popliteal branches of the sciatic 
nerve at the knee in the cat and dog and regeneration has well com- 
menced, an opportunity is afforded to show the axon-reflex contrac- 
tion in both the anterior and the posterior tibial muscles. Stimula- 
tion of the posterior tibial nerve (a mixed nerve) at the heel will 
cause a contraction of the gastrocnemius and stimulation of the 
superficial peroneal nerve (sensory only) at the ankle will provoke 
a contraction in the tibialis anticus even after cutting the sciatic in 
the thigh (Fig. 1). With the use of a strong tetanizing current, 
the curves are similar in form to those produced by stimulating the 
appropriate motor branch of the sciatic nerve with a like current. 
Progressive downward section of the sciatic nerve to a point just 
above the neuroma does not affect the contraction in the least, but 


* This investigation has been supported by a grant from the Research Board 
of the University of California. 

1 Langley, J. N., and Anderson, H. K., J. Physiol., 1902, 29, iii. 

2 Kilvington, B., Brit. Med. J., 1905, 1, 935. 

3 Bender, M. B., and Fulton, J. F., J. Neurophysiol., 1938, 1, 144. 

4 Feiss, H. O., Bost. Med. and Sct. J., 1911, 164, 667. 

5 Dogliotti, A. M., J. de Chir., 1935, 45, 30. 

6 Aird, R., and Naffziger, H. C., Arch. Surg., 1939, 38, 906. 
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Tracing of an axon-reflex Sa es the tibialis anticus on stimulation of 
the superficial peroneal nerve, and of the gastrocnemius on stimulation of the 
posterior tibial nerve, after cutting the sciatic in the thigh. 
section of the sciatic nerve just below the neuroma immediately and 
permanently abolishes the axon-reflex contraction. No histological 
counts were made, but an idea of the degree of fiber-splitting may 
be gained from the fact that such an axon-reflex contraction may 
be as much as three-fourths the height of the contraction caused by 
maxinial motor nerve stimulation. 

The fiber branching undoubtedly contributes to the incoordination 
which follows nerve section and nerve regeneration in the limb, as 
previously shown by Bender and Fulton® for the eye, but since the 
peroneal nerve innervates exclusively flexors and the popliteal nerve 
innervates mainly extensors, this factor is minimized. The axon- 
reflexes furthermore persist and are not eliminated by a process of 
atrophy as suggested by Langley‘ for aberrant fibers, since they are 
found in full force even after eighteen months. 

Summary. Confirmation of axon branching as a result of nerve 
regeneration has been obtained by physiological methods. The axon- 
reflex contraction made possible through such branching possesses 
all the characteristics of a muscular contraction evoked by direct 
electrical stimulation of the motor nerves concerned. 


7 Langley, J. N., J. Physiol., 1897, 22, 215. 
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Generalized Edema in Chicks Prevented by d, l-Alpha 
Tocopherol.* 


H. R. Birp anp Tuos. G. Cutton. (Introduced by T. C. Byerly.) 


From the Department of Poultry Husbandry of the University of Maryland, 
College Park, Maryland. 


The experiments here reported were designed to study the nutri- 
tive completeness of different samples of dried skimmilk for chicks. 
A basal ration was developed in which all the protein is supplied by 
dried skimmilk and the known deficiencies of dried skimmilk are 
corrected by the addition of small amounts of various supplements. 
This ration, referred to as Ration 3, has the following composition : 
dried skimmilk 54%, dextrinized starch 44%, ground limestone 1%, 
and NaCl i%, plus 0.12% of ferric citrate, 0.012% of 
MnSO,° 4H2O and 0.0012% of CuSO,:5H.2O. Cod liver oil is 
administered by pipette thrice weekly. Chicks consume this diet 
readily but grow at a somewhat subnormal rate. 

When certain samples of dried skimmilk are fed as a part of this 
ration, a severe generalized edema develops in a large percentage of 
the chicks. The first manifestation of this condition is extreme 
subcutaneous edema in some chicks as early as 3 weeks of age, and 
sufficient in extent to be readily detected without handling the chicks. 
Many chicks develop a characteristic straddling stance, the legs being 
forced apart by the great accumulation of fluid under the skin of 
the ventral body surface. The subcutaneous edema may also extend 
to the neck and back of the head. No recoveries have been observed ; 
al! birds so affected have died within 2 or 3 weeks. Death is fre- 
quently preceded by stupor, seldom lasting longer than 10 to 12 
hours. Labored breathing is frequently observed during this period. 

A considerable proportion of the chicks die between the ages of 
3 and 9 weeks without manifesting any subcutaneous edema. The 
most consistent post mortem finding in such chicks, as well as in 
those with subcutaneous edema, has been extreme distention of the 
heart and pericardium, the latter being filled with exudate. Other 
common post mortem findings have been ascites, edema of the brain 
and lungs, and coronary and intestinal hyperemia. In one case, in 
excess of 50 cc of ascitic fluid were removed from a 600 g bird. 


* Supported in part by a grant from the American Dry Milk Institute, Inc. 
Scientific Contribution No. 514, Maryland Agricultural Experiment Station. 
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TABLE I. ‘ : 
Mortality and Incidence of Edema in Chicks Fed Ration 3 with and without 
Supplements. 


ee eee ee ee ee eee 
a 


% edema % mortality 


Exp. No.of = £——— —>— 7 
No. Skimmilk Supplement chicks 5wk 8wk 5wk 8 wk 
2 S* 0 13 62 62 
w* 0 16 19 31 
3 S) 0 30 37 ~—siB3 50 8673 
Ww 0 30 BY “hes 67 = 90 
6 S 0 33 30 942 51 93 
Ww 0 32 31 53 59 8694 
Ss 3% dehydrated grass 32 0 0 9 265 
WwW 3% ne id 32 0 0 3 9 
Ss 6% yeast 32 25 50 41 72 
Ww CTom me 31 26 8646 46 89 


*S = Summer; W = Winter. 


The first proof that the edema was the result of dietary deficiency 
was afforded by an experiment in which dehydrated cereal grass} 
was fed as a supplement to the basal ration. The results of this 
and other experiments are summarized in Table I. Samples of dried 
skimmilk prepared in summer and in winter were fed, but no 
difference in response was observed. The figures in the table 
establish the protective effect of grass and the lack of protective 
effect of yeast. 

A trial of the effectiveness of d,l-alpha tocopherol was suggested 
by the report of Dam and Glavind’ on its effectiveness in preventing 
the “alimentary exudative diathesis” described by them. Synthetic 
d,l-alpha tocopherol~ was dissolved and suitably diluted with cod 
liver oil and administered thrice weekly to a group of 10 chicks in 
doses of such size as to approximate 7.5 wg per gram live weight per 
day. Dosing was begun when the chicks were 4 days of age and 
continued to the age of 32 days at which time the supply of alpha 
tocopherol was exhausted. The negative control group consisted of 
15 chicks. The results of this experiment are shown graphically in 
Fig. 1 which shows the cumulative incidence of edema and the 
cumulative mortality associated with edema. The first case of edema 
did not appear in the treated group until the chicks were 9 weeks old, 
4% weeks after the administration of the last dose of alpha 


+ Supplied by the American Butter Company, Kansas City, Mo., through the 
‘courtesy of Dr. W. R. Graham, Jr. 


¢ Supplied by Merck and Co., Ine., Rahway, N. J., through the courtesy of 
Dr. G. W. Lewis. 


1 Dam, H., and Glavind, J., Nature, 1939, 148, 810. 
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Fic. 1. 
Effect of administration of d,l-Alpha Tocopherol on incidence of edema and 
mortality associated with edema in chicks fed Ration 3. 


tocopherol. At this time 10 of the 15 untreated birds had become 
edematous. The first death associated with edema in the treated 
group occurred at 10 weeks of age, at which time 11 of the 15 
untreated chicks had died with edema. These results would seem to 
show conclusively that this disease is a manifestation of a deficiency 
of d,l-alpha tocopherol. 

Comparison of the symptoms described here with those described 
in detail by Dam and Glavind? would seem to indicate that the differ- 


2 Dam, H., and Glavind, J., Skand. Arch. ftir Physiol., 1939, 82, 299. 
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ences are differences of degree. The Danish workers report exuda- 
tion in subcutaneous tissues and, rarely, in the cavum peritoneum, 
and they report, further, that the disease as observed by them 
terminates frequently in recovery and occasionally in death. From 
this standpoint as well as from the standpoint of ease of preparation, 
the ration used in these studies would appear to offer greater possi- 
bilities for vitamin E assay than the ration used by Dam and Glavind, 
who have suggested that an assay method might be developed on the 
basis of their experiments. Further experiments, designed to 
explore these possibilities, are in progress. 

It is of interest to point out that localized edema is consistent and 
conspicuous among the histopathological changes in the brains of 
encephalomalacic chicks, as reported by Pappenheimer et al.,* since 
Dam et al.* have found this disease also to be preventable by d,l-alpha 
tocopherol. It should be pointed out also that Pappenheimer ef al. 
reported a very low incidence of subcutaneous edema in encephalo- 
malacic chicks observed by them. In these experiments edema of the 
brain was frequently noted, but in no case were the symptoms of 
encephalomalacia observed in the living edematous birds. Two cases 
of encephalomalacia were observed among the groups in which gen- 
eralized edema was prevented by feeding dehydrated grass. This is 
in agreement with Dam’s statement that encephalomalacia occurs 
on a higher intake of vitamin E than does exudative diathesis. 

Dam and Glavind? have pointed out that the edema-producing 
diets used by them were very low in fat, and have discussed the 
relationship of this fact to the finding of Pappenheimer et al.? that 
the incidence of encephalomalacia was increased by increasing the 
fat content of the diet. They postulate further that vitamin E may 
act in two different ways against encephalomalacia and exudative 
diathesis respectively. It may be noted that the edema-producing 
diet described in this paper is also low in fat although none of the 
constituents were subjected to extraction to lower their fat content. 

The results of the experiments with alpha tocopherol are of some 
interest from the standpoint of method of administration since it 
has been reported by Madsen et al.® and by Morris® that cod liver 
oil favors the development of muscular dystrophy in rabbits and 


3 Pappenheimer, A. M., Goettsch, M., and Jungherr, E., Conn. Agr. Exp. Sta. 
Bul., 229, 1939. 

4 Dam, H., Glavind, J., Bernth, O., and Hagens, E., Nature, 1938, 142, 1157. 

5 Madsen, L. L., McCay, C. M., and Maynard, L. A., Proc. Soc. Exp. Bion. AnD 
Mep., 1933, 30, 1434. 

6 Morris, S. G., Science, 1939, 90, 424. 
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guinea pigs and hence may be assumed to exert a destructive effect 
on vitamin E. Such destruction was not evidenced under the con- 
ditions of this experiment, and administration of alpha tocopherol 
in cod liver oil appears to be an entirely practical procedure in experi- 
ments of this kind. Nondestearinated U.S.P. cod liver oil was used, 
and 100 mg of alpha tocopherol were dissolved and diluted in this 
oil at one time. Such an amount was sufficient to last for 7 to 10 
days. It was kept in the refrigerator when not in use. 

Summary. <A large percentage of chicks fed a laboratory diet of 
dried skimmilk, dextrinized corn starch, cod liver oil, and mineral 
salts develop a generalized edema and die. The most consistent 
post mortem finding is edema of the heart and pericardium. This 
disease can be prevented by administration in cod liver oil of syn- 
thetic d,l-alpha tocopherol. The disease has not been observed in 
any chicks fed practical rations. 


11522 


Effect of Amino Acids, of Vitamin B Complex and Other 
Compounds on Respiration of Bakers’ Yeast. 


Exton S. Cook, Etste M. WaLTER AND SIsTER Mary REDEMPTA 
EILerT, S.S.J.* (Introduced by S. Tashiro. ) 


From the Research Laboratories of the Institutum Divi Thomae, Cincinnati, Ohio. 


In our laboratories a considerable amount of work has been done 
on the effects of various fractions from yeast and other sources on 
the respiration and proliferation of yeast and tissues. In this con- 
nection experiments have been performed with pure substances some 
of which may be present in these preparations. The results of these 
experiments are the subject of the present paper. 

Although we have used pure cultures of yeast in some of our 
respiration work (pure cultures are always used in proliferation 
studies ), it has been desirable to have a readily available and reason- 
ably constant source of yeast in quantity. We have found that 
Fleischmann’s bakers’ yeast answers these requirements fairly well. 
(Anheuser-Busch bakers’ yeast has also been used with equal satis- 
faction in later work, but the experiments herein reported deal with 


* Assistance in some experiments was given by Vincent Sacksteder. 
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Fleischmann’s.) To insure sufficient uniformity we always use the 
yeast within 3 days after the “cutting” date. 

All determinations were made by the direct Warburg method, 
using the technic previously described.*? Fleischmann’s_ bakers’ 
yeast from the center of a fresh 1-lb cake was washed 2 times by 
centrifugation with the suspending medium (Ringer-phosphate- 
glucose; 0.02% glucose; pH 7.3). The yeast was then made up 
with fresh medium to give a count of 250 as determined by a photo- 
electric densitometer. A count of 1 equals 250,000 cells per cc, or 
0.064 mg (wet weight) of yeast per cc. One cc of the yeast suspen- 
sion (containing an average of 3.9 mg dry weight of yeast), the 
desired amount of test solution and sufficient Ringer-phosphate- 
glucose to give a volume of 3.1 cc were placed in the outer well of 
the manometer flask and 0.2 cc of N KOH was placed in the inner 
well (trial showed the use of KOH papers to be unnecessary). After 
an equilibrium period of 15 minutes, the manometers were shaken 
for a 25-minute respiration period, in air, at 37.5°C. Under these 
conditions the control respirations usually ran between 40 and 60 
mm* corresponding to a QG, of about 25 to 37. 


The substances tested were usually dissolved, or in some cases 
suspended, in Ringer-phosphate-glucose; a few of the less soluble 
materials were dissolved in distilled water. After adjustment of 
pH to 7.3 with sodium hydroxide or hydrochloric acid, the concen- 
tration was such that no more than 1 cc of the solution was added 
to the flasks. Certain of the substances, normally insoluble, were 
thus dissolved as the sodium salts. 

Variations of +5-7% are within experimental error. Only stimu- 
lations of 10% or greater are regarded as being significant. All data 
reported are the result of 2 to 6 determinations at each of not fewer 
than 4 concentration values within the limits given. 

Of the amino acids examined in concentration ranges of 0.069 to 
1.0 mg per cc, the following were inactive: d-alanine, arginine, 
cystine, glutamic acid, glycine, I-histidine, dl-8-phenylalanine, 
l-proline, and |-tryptophane. The following, in different experi- 
ments, varied from inactive to slightly active (10-15% stimulation ) : 
dl-alanine, l-alanine, 8-alanine, l-aspartic acid, l-leucine and tyrosine. 

In another series of experiments several members of the vitamin 
B complex were examined.} Of these, nicotinic acid (0.077-0.77 


1 Cook, B. S., Kreke, C. W., and Nutini, L. G., Studies Inst. Divi Thomae, 1938, 


2, 23; Cook, E. S., Hart, M. J., and Joly, R. S., Proc. Soc. Exp. B 
ods - 1S. C. . Exp. Bion. a 
1938, 38, 169. ; ' api: 


2 Cook, E. S., and Morgan, M. N., Biochem. J., 1940, 34, 15. 
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TABLE I. 
Effect of Thiamin Hydrochloride on Respiration of Bakers’ Yeast. 
Cone., mg/ce % stimulation 
008 8 
017 6 
042 12 
083 26 
.166 26 
420 34 
830 0 


mg/cc) and riboflavin (0.0097-0.97 mg/cc) were inactive. Vitamin 
Be. (0.01-0.98 mg/cc) was generally inactive although occasional 
stimulation of the order of 10% was found with some batches of 
yeast. Thiamin hydrochloride showed an activity dependent upon 
the concentration, there being an optimum concentration range as 
shown by the results of a typical experiment in Table I. Of the 2 
components of the thiamin molecule, 4-methyl-5-8-hydroxyethyl 
thiazole showed no significant activity in concentrations of 0.012 to 
1.15 mg per cc. 2-Methyl-4-amino-5-ethoxymethyl pyrimidine was 
inactive between 1.05 and 0.11 mg per cc; slight activity (10-13%) 
was found in concentrations down to 0.01 mg per cc. However, an 
equimolecular mixture of the 2 showed the same activity as thiamin 
in total concentration ranges of 0.05 to 0.50 mg per ce (e.g., at 0.1 
mg/cc, thiamin gave 29% and the mixture 30% stimulation). 

The following substances were also inactive in stimulating respira- 
tion: adenosine phosphate (Hoffmann-LaRoche) (0.076-0.76 
mg/cc), yeast nucleic acid (0.08-0.8 mg/cc), thymus nucleic acid 
(0.08-0.8 mg/cc), inositol (0.097-0.97 mg/cc) and hippuric acid 
(0.094-0.94 mg/cc). 

Insulin (Iletin, Lilly) was inactive in a concentration of 0.016 
mg (or 0.13 unit) per cc but caused 18% stimulation in 10 times 
this concentration. Concentrations of 0.8 mg (6.5 units) and 1.6 
mg (13 units) per cc gave, respectively, 240% and 330% stimula- 
tion. 

From the results it is seen that most of the amino acids, under the 
conditions used, were inactive or of a very low order of activity. 
It will be recalled that l-leucine* and f-alanine** (by itself or com- 


+ We wish to thank Drs. R. T. Major and J. M. Carlisle of Merck and Co. for 
gifts of synthetic thiamin, 2-methyl-4-amino-5-ethoxymethyl pyrimidine, 4-methyl- 
5-g-hydroxyethyl thiazole, riboflavin and vitamin Bg. 

3 Miller, W. L., Trans. Roy. Soc. Can., III, 1936, 30, 99. 

4 Williams, R. J., and Rohrmann, E., J. Am. Chem. Soc., 1936, 58, 695. 


550 Amino ACIDS ON RESPIRATION OF BAKERS’ YEAST 


bined in pantothenic acid®*) have been identified as bios components 
for various yeasts. Pratt and Williams’ found that, while both 
pantothenic acid and #-alanine increased the respiration of deficient 
Gebriider Mayer yeast, pantothenic acid was ineffective on Fleisch- 
mann’s cake yeast, presumably owing to an adequate supply of 
pantothenic acid in the latter yeast. This checks our observations on 
the usual inactivity of B-alanine. The relative ineffectiveness of 
the amino acids contrasts markedly with the stimulating effects of 
non-toxic concentrations of saturated fatty acids on bakers’ yeast; 
these effects appear to be due to the ability of the yeast to oxidize 
the fatty acids.” 

Among the other substances examined, thiamin, vitamin By, and 
inositol may also act as bios components for certain strains of yeast. 
Of these, only thiamin was definitely effective in stimulating the 
respiration of bakers’ yeast. Williams‘ found similar results with 
both Gebriider Mayer and Fleischmann’s yeasts. It is of interest 
that, while the 2 components of the thiamin molecule are essentially 
inactive by themselves (the pyrimidine portion showing only very 
slight activity), an equimolecular mixture is as effective as the intact 
molecule. This suggests an ability of the yeast to combine the 
thiazole and pyrimidine moieties into the whole molecule which 
would seem to be essential for an increase in respiration. In con- 
trast, Schultz, Atkin and Frey® found the pyrimidine portion to be 
equally as effective as thiamin in stimulating fermentation by bakers’ 
yeast, the thiazole portion being ineffective. 

The inactivity of yeast nucleic acid checks the observation of 
Pourbaix®? who found that sodium nucleinate has no effect on the 
normal respiration of yeast; it will, however, restore to normal 
respiration which has been depressed by styryl 430. 

The very marked effect of insulin in increasing the oxygen uptake 
of yeast is particularly interesting in view of the reports that it does 
not accelerate the fermentation of glucose by yeast.1° These ex- 
periments are being extended in our laboratories. 


5 Williams, R. J., and Saunders, D. H., Biochem. J., 1934, 28, 1886. 

6 Rainbow, C., J. Institute Brewing, 1939, 45, 533; Rainbow, C., and Bishop, 
L. R., ibid., 1939, 45, 593. 

7 Pratt, E. F., and Williams, R. J., J. Gen. Physiol., 1939, 22, 637. 

8 Schultz, A. S., Atkin, L., and Frey, C. N., J. Am. Chem. Soc., 1937, 50, 2457. 

9 Pourbaix, Y., Compt. rend. soc. biol., 1939, 181, 1306. 

10 Fiirth, O., Biochem. Z., 1923, 150, 265; Laufberger, V., Z. ges. exp. Med., 
1924, 42, 570; Travell, J. G., and Behre, J. A., Proc. Soc. Exp. Bron. AND MeEp., 
1923-4, 21, 478; Euler, H. von, and Myrback, K., Z. physiol. chem., 1925, 150, 1. 
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Obviously, as with growth factors, the effectiveness of various 
substances on the respiration of yeast will depend upon the strain 
of yeast, the medium, and the general technique. The present re- 
sults are of value in checking against the activity of various frac- 
tions from yeast and animal tissues which we are assaying by means 
of the technique used in this paper. Under different conditions 
certain of the apparently inactive materials may assume importance 
when they become limiting substances. Suggestions of this are 
seen in the case of several amino acids and vitamin Be. 

Summary. A number of amino acids, members of the vitamin B 
complex, and miscellaneous substances have been examined for their 
effects on the respiration of Fleischmann’s bakers’ yeast. Most of 
the substances are inactive or only slightly active, but thiamin, or a 
mixture of its pyrimidine and thiazole components, and insulin 
have marked activity. 
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Quantitative Studies of Cell Types in Rat Hypophysis Following 
Administration of Antigonadotropic Serum.* 


JoHN C. FINERTY, HERBERT S. KUPPERMAN AND 
RoLanp K. MEYER. 


From the Department of Zoology, University of Wisconsin. 


Several reports in the literature have shown that treatment of 
animals with antigonadotropic serum causes a condition in the 
pituitary gland analogous to that found in castrated animals. Sever- 
inghaus and Thompson" ’ have described cytological changes in 
the hypophyses of dogs injected with antihormones. In these 
animals there was an increase in the basophile cells and a correspond- 
ing decrease in the chromophobes which was associated with an 
atrophy of the gonads, thyroids, and adrenals. Physiological effects 
have been demonstrated in rats by Meyer and Kupperman’* who 


* Aided in part by a grant from the Wisconsin Alumni Research Foundation 
and by assistance furnished by the personnel of W.P.A. Official Project No. 
65-1-53-2349. 

1 Severinghaus, A. E., and Thompson, K. W., Proc. Soc. Exp. Bron. AND MED., 
1939, 40, 627. 

2 Severinghaus, A. E., and Thompson, K. W., Am. J. Path., 1939, 15, 391. 

3 Meyer, R. K., and Kupperman, H. S., Proc. Soc. Exp. Brot. AND Mep., 1939, 


42, 285. 
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found that hypersecretion of the pituitary gonadotropic hormone 
followed treatment with antigonadotropic serum. This effect was 
determined by precocious development of the ovaries after discon- 
tinuing the injections and by ovarian hypertrophy in female rats in 
parabiosis with pretreated male or female littermates. The work to 
be reported here corroborates these findings and describes the 
changes in the number of celis of each of the types in the pituitary 
gland of female rats following a short period of antigonadotropic 
serum treatment. 

Experimental procedure. Twenty-one female rats were injected 
subcutaneously from the 10th to the 20th day of life with 0.5 cc 
per day, or a total dose of 5 cc of antigonadotropic serum obtained 
from rabbits which had been injected daily with an aqueous extract 
of whole dried pituitary gland of sheep for a period of 2 months or 
longer. The serum was shown to be capable of inhibiting the 
gonadotropic effects of sheep, rat, and human pituitaries, and of 
pregnant mare serum and prolan. Three rats were killed on the 
Ist, 3rd, 5th, 7th, 9th, 12th, and 15th day after discontinuing the 
treatment. Littermate control rats were autopsied at the same age. 
Pituitary and ovarian weights with the qualitative ovarian response 
were noted for both the experimental and control animals. The 
pituitary glands were serially sectioned at 6 microns after fixation 
in Bouin’s fluid and stained with a modification of Mallory’s tri- 
chrome stain (Rasmussen*). Three horizontal sections from equi- 
distant levels in the gland were studied in each animal. In each 
of these sections all the cells in every tenth field were differentially 
counted. An average of 2800 cells was counted in each gland. 

Results and discussion. The changes in the percentages of cell 


TABLE I. 
Ovarian Weights and Percentage of Pituitary Cell Types After Antigonadotropie¢ 
Treatment. 
Avg 
ovarian Avg % of pituitary cell types 
Day wt aa SSS] 
Group* killed (mg) Basophiles Acidophiles Chromophobes 
1 20 5.0 31.9 17.3 50.8 
2 22 7.5 27.4 17.2 53.9 
3 24 20.0 20.8 18.0 61.4 
4 26 20.0 18.3 18.9 62.8 
5 28 20.7 14.8 18.3 66.9 
6 31 30.3 12.4 20.3 67.2 
7 34 59.7 9.3 19.4 71.3 


*Each group was comprised of 3 rats which were injected from the 10th to 
the 20th day of life. 


4 Rasmussen, A. T., Am. J. Anat., 1930, 46, 461. 


CELL Types IN Rat HypopuHysis 553 


types in the pituitary gland and the resulting ovarian weights which 
follow cessation of the antigonadotropic serum treatment are 
recorded in Table I. 

In rats treated for 10 days with antigonadotropic serum and 
killed on the day following the last injection, the pituitary glands 
exhibited a picture of extreme basophilism; 31.9% of all the cells 
were basophiles, in contrast to 5-10% found in normal animals of 
the same age. The average percentage of chromophobes in these 
treated animals was 50, showing a definite decrease from the normal 
level of 70% found in littermate controls. Since no perceptible 
variation could be detected in the percentage of acidophiles from the 
normal level during or after treatment, the increase in the number 
of basophiles appeared to account for the corresponding decrease 
in chromophobes. The basophilism produced by the injection of 
antigonadotropic serum appeared to be the same as that found in 
castrated rats. 

Animals killed at later intervals after cessation of treatment 
showed a progressive decrease in the percentage of basophiles and 
a proportionate increase in the percentage of chromophobes until 
about 15 days after the injections were discontinued. At this time 
the normal ratio of cell types again prevailed, indicating a change 
of basophiles to chromophobes. Accompanying the decrease in the 
basophilic elements of the pituitary gland there was a rapid ovarian 
growth which approached the normal level between the 3rd and 5th 
days and continued to increase far beyond normal so that by the 
15th day after cessation of treatment an average ovarian weight of 
59.7 mg had been attained. The average ovarian weight of litter- 
mate controls at this age was 17 mg. 

Summary, Treatment with antigonadotropic serum resulted in 
extreme basophilism of the hypophysis of young female rats. When 
the treatment was discontinued the percentage of basophiles grad- 
ually returned to normal with a corresponding increase in the per- 
centage of chromophobes, and marked increase in the size of the 
ovaries over that of littermate controls. 
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Use of Sodium Hexametaphosphate as an Anticoagulant. 


CLARENCE E. LARSON. 
From the Chemistry Department, College of the Pacific. 


Sodium hexametaphosphate has recently become established as 
an effective agent in reducing calcium ion concentration. Most of 
the research work on the compound has been done in the field of 
industrial chemistry where it has demonstrated its use as an out- 
standing water softener. 

In this report we are concerned with the mechanism by which 
this compound reduces calcium ion concentration. The consensus 
seems to favor the formula (NaPO;).« or NagPsOis. This com- 
pound can react with calcium ion to form Na,CasP,O,s thus leaving 
the calcium in the form of a complex since the compound ionizes 
into 2 sodium ions and the negatively charged CazP.Os ion. The 
dissociation of this complex ion to yield calcium ion is so slight 
that the addition of sodium hexametaphosphate depresses the cal- 
cium ion to such an extent that it will dissolve the most insoluble 
calcium salts such as the carbonate, the oxalate, and the phosphate. 
At present it is impossible to express mathematically the equilibrium 
constant for the dissociation of the complex ion but indications are 
that its effective value approaches 10°. 

Comparatively little work has been done on the biochemical and 
physiological properties of the compound. This paper represents 
the first report of results of work in progress in our laboratories 
on the application of properties of sodium hexametaphosphate to the 
fields of biology and medicine. 

The effect of this compound on the clotting of blood was tested 
by the following method. A stock solution of 20% sodium hexa- 
metaphosphate was made up. Varying quantities were added to 
calibrated tubes so that the final concentrations after blood was 
added ranged from 0.1 g per 100 cc to 2.0 g per 100 cc. Blood was 
allowed to flow directly from the sheep being used into the tubes. 
Each tube was rocked carefully to insure complete mixing. A con- 
trol tube containing no reagent was treated in the same way. The 
control tube showed clotting in 5 minutes. All tubes containing 
sodium hexametaphosphate remained unclotted. Experiments were 
also performed on human blood with the same results. Concentra- 
tions of sodium hexametaphosphate less than 0.1 g per 100 cc 
slowed the process of clotting but did not prevent it entirely as was 
the case of the higher concentrations. 
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It is well known that the use of excess quantities of an anticoagu- 
lant such as sodium oxalate interferes with certain analytical pro- 
cedures such as deproteinization. Folin-Wu filtrates were made on 
the samples but no interference with successful deproteinization was 
detected at any of the concentrations used. 

These experiments indicate that sodium hexametaphosphate can 
be added to the list of blood anticoagulants, and may have certain 
advantages over existing agents. 
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Barium in the Mammalian Retina.* 


Gorpon H. Scott anp Bruce CANAGA, Jr. 


From the Department of Anatomy, Washington University School of Medicine, 
St. Louis. 


Ramage and Sheldon’ discovered the existence of Ba in the 
chorioid of ox eyes. They believed that Ba increased in quantity 
with age and report that it is not present in calves’ eyes in sufficient 
quantity to be detected by their method of flame excitation of the 
spectrum. Furthermore they say that Ba is not present in the chori- 
oids of human, sheep, pigs, horses, dogs and many sea fish. Ramage 
and Sheldon failed to find this element in the retina although they 
could detect it in the iris and the pigment of the chorioid. It is of 
some significance that they found Ba in the chorioids of all neat 
cattle beyond 3 years in age. Gerlach and Miller? examined eyes 
from a wide variety of animals including man and discovered Ba 
in the chorioid of most of them. It was not present uniformly in 
human chorioids and there appear to be no age peculiarities in its 
distribution. These writers also describe Ba in the retine of 
ostrichs, rabbits, cats, cattle and in one human. 

The material in the present series consisted of 19 pigs, 17 ox, 
24 sheep and 12 kitten eyes. The spectrographic method used was 
that described by us in an earlier paper (Scott and Canaga*). We 
used as identifying lines the 4535.5 and 4934.1 A. These lines are 
quite sensitive and can be definitely located with little trouble. An 


* Aided by a grant from the Josiah Macy, Jr., Foundation. 

1 Ramage and Sheldon, Nature, 1931, 128, 376. 
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attempt was made to localize Ba in the tissue by separating the 
retina into 2 layers. Experiments showed that the retinz split 
easily along the internal limiting membrane giving one layer which 
consisted largely of nerve fibers and another which was made up of 
pigmented epithelium, rods and cones and their nuclei, neuroglial and 
bipolar cells. 

Barium was observed in all specimens examined and was appar- 
ently evenly distributed throughout the substance of the retina at 
least insofar as our rough localization permitted us to estimate. The 
presence of pigment in the one layer apparently had little or nothing 
to do with the amount of Ba found. Previously mentioned work 
seemed to suggest that Ba was associated with the pigment. Spectro- 
graphic studies indicate that Ba is not found in any appreciable 
quantities in other tissues, certainly not in the quantities observable 
in the retina. Our own experience with some hundreds of samples 
supports this statement. In fact only one instance is on record in 
our files and that is the consistent finding of Ba in skeletal muscle 
the nerve supply of which had been severed 6 months before the 
examinations were made. In these samples only traces of Ba 
could be found. 

Since a large number of our series consisted of retinze from neat 
cattle it is of some interest that Blumberg and Rask* found traces of 
Bain milk. However, Ramage and Sheldon state that they have been 
advised that Ba is more apt to be found in milk which has soured 
in glass containers. We do not attach much significance to this in 
relation to Blumberg and Rask’s findings as they used pyrex glass- 
ware throughout. Our experiments involved digesting the retinz 
and other tissues in nitric acid in pyrex vessels. Only the retinz 
showed Ba in their spectra. Evidently, therefore, an element, quite 
active photoelectrically, is present in tissue wherein light is trans- 
lated into nerve impulses. 


4 Blumberg and Rask, Nutrition, 1933, 6, 285. 
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Mean Molecular Weights of Synthetic Mixtures of Bovine 
Plasma Albumin and Globulin. 


Henry L. Taytor AND ANCEL Keys 


From the Laboratory of Physiological Hygiene, University of Minnesota, 
Minneapolis, Minn. 


Albumin and globulin, though generally considered to be separate 
entities, show sedimentation anomalies when they are studied in 
mixtures with the ultracentrifuge (Pederson!). The data of Mc- 
Farlane’ suggest that globulin may dissociate in such mixtures. We 
have studied purified bovine plasma albumin and globulin, alone and 
in synthetic mixtures, by osmometric methods. 

Sterile bovine plasma was carefully fractionated with ammonium 
sulfate at O°C by a technic similar to that used by McMeekin.* The 
albumin and globulin fractions were reprecipitated, freed of am- 
monia by dialysis and then dialyzed to equilibrium with phosphate 
buffer of pH 7.4, » = 0.16. Osmotic pressures were measured at 
O°C by the method to be described by Keys. Protein concentra- 
tions were determined with the Pulfrich refractometer in every 
sample and checked by the micro-Kjeldahl method of Keys* in about 
every third sample. Mean molecular weights were determined by 
the method of Adair and Robinson’ in which the pressure-concentra- 
tion ratio is extrapolated at zero concentration. At least 4 accept- 
able P/C values at below 3% protein concentration were obtained 
for each sample. 

The molecular weights of the albumin and globulin used here 
were 69,900 and 170,000, respectively, and these values were used 
to compute the theoretical mean mol. wts. of the mixtures from 
Dalton’s law of partial pressures. The observed mol. wts. of the 
mixtures deviated widely and systematically from the simple pre- 
dictions. As shown in Fig. 1, the mean mol. wts. of the mixtures 
are lower, and the osmotic pressures are higher than predicted. The 
deviation approaches a linear function of the mol. wt. in the range 
of A/G from 0.1 to 2.1. Similar results were obtained with other 


preparations. 


1 Pederson, K. O., Compt. Rend. Lab. Carlsberg, Copenhagen, 1938, 22, 426. 
2 McFarlane, A. S., Biochem. J., 1935, 29, 407. 

3 MceMeekin, T. L., J. Am. Chem. Soc., 1939, 61, 2884. 

4 Keys, A., J. Biol. Chem., 1940, 132, 181. 

5 Adair, G. S., and Robinson, M. E., Biochem. J., 1930, 24, 1864. 
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SYNTHETIC MIXTURES of BOVINE PLASMA 
ALBUMIN and GLOBULIN 
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Sedimentation diagrams of such mixtures clearly show 2 frac- 
tions corresponding in molecular size with albumin and globulin 
but McFarlane’s (op. cit.) data on horse plasma proteins indicate 
that the proportion of the smaller molecules is higher than the com- 
position of his mixtures would warrant. This strongly reinforces 
our conclusion that globulin dissociates in the presence of albumin. 
Assuming that the dissociation product is a particle like albumin in 
size, our results would indicate that about 35% of the globulin 
undergoes dissociation; in other words, in an albumin-globulin mix- 
ture, for every globulin 170,000 molecule, there would be a globulin 
70,000 molecule. Alternatively, globulin 170,000 may split into 
equal halves (mol. wt. 85,000, cf. McFarlane, op. cit.). 

These results explain the divergent values reported for the mol. 
wt. of globulin—145,000 to 192,000. The presence of minute 
amounts of albumin depresses the mean mol. wt. to a remarkable 
degree. It is not easy to separate globulin cleanly from albumin; 
on the other hand, we have had no difficulty in preparing pure 
albumin. It appears that the formation of dissociated globulin is 
reversible, that the dissociated globulin salts out with the other 
globulin and it becomes associated when it enters an albumin-free 
phase. These phenomena are most striking at very low A/G ratios 
and are seen in purest form at infinite dilution, but they are de- 
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monstrable at an A/G ratio of 2.1 and protein concentrations of 
over 3%. In human plasma (A/G = 2, tot. prot. = 7%) the 
effect is sufficiently obscured so that the simple relation of Keys® 
holds approximately. 
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Skin Sensitization to a Simple Compound by Injections of 
Conjugates. 


Kari LANDSTEINER AND MERRILL W. CHASE. 
From the Laboratories of the Rockefeller Institute for Medical Research. 


In view of a recent paper’ touching upon the subject, we wish to 
make a preliminary communication of a study under way for some 
time on the possibility of producing in animals skin sensitivity to 
drugs by immunizing with conjugates. We have in fact been able 
to render guinea pigs sensitive to superficial application of picryl 
chloride” * by intraperitoneal injections of a conjugate resulting 
from the treatment of guinea pig erythrocyte stromata with picryl 
chloride in alkaline solution, killed tubercle bacilli as in previous 
work* having been injected beforehand. 

Since even minute quantities of the simple substance can sensi- 
tize under certain conditions and must be avoided, the chief concern 
in these experiments was to guard against the inclusion of unchanged 
picry! chloride in the injection material. This was carried out by 
adding an excess of glycine which removed any possible remainder of 
the substance through chemical combination, and by washing with 
aqueous alcohol. 

The large majority of animals treated in this way have shown 
upon subsequent testing with the simple substance typical reactions 
of the contact dermatitis type. 


6 Keys, A., J. Phys. Chem., 1938, 42, 11. 

1 Haxthausen, H., Acta Derm.-Vener., 1940, 21, 158. 

2 Landsteiner, K., and Jacobs, J., J. Hap. Med., 1935, 61, 643. 

3 Landsteiner, K., and Chase, M. W., J. xp. Med., 1937, 66, 337. 
4 Landsteiner, K., and Chase, M. W., J. Exp. Med., 1940, 71, 237. 
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Osmotic Activity Changes of Serum and Salt Solutions Placed 
in the Gall Bladder. 


Joun W. ScHuLze anv M. B. VISSCHER. 


From the Department of Physiology, University of Minnesota. 


Dreser,! the first to use cryoscopy on animal fluids, made the first 
determination of the osmotic pressure of bile. Numerous early 
investigators, among them Brand,’ Strauss,*° Bernstein,* Bosquet,° 
Koziezkowsky,® Messadaglia and Colletti’ determined cryoscopically 
the osmotic pressure of animal and human bile obtained by various 
methods from living and dead specimens. They came to the conclu- 
sion that the osmotic pressure of bile, both bladder and hepatic, was 
approximately the same as the osmotic pressure of the blood of the 
same animal species; i.e. the depression of freezing point of the bile 
and blood both lay in the same range (about —.54°C to —.58°C for 
most species). Of the many objections to the earlier work, the 
varied methods of collection and the inaccuracy of the cryoscopic 
technic are perhaps the most significant. A difference in freezing 
point of .01°C corresponds to a difference in osmotic pressure of 
nearly 100 mm of Hg. Ravdin, e¢ al.,* state that despite the wide 
variance of constituents, the osmotic pressures of hepatic and bladder 
bile, as determined by the depression of freezing point, are approxi- 
mately the same; and that the total depression of freezing point may 
be accounted for on the basis of the osmolar concentration of base, 
chloride, and bicarbonate present. Yet the difference in osmotic 
pressure of their hepatic and bladder bile amounts to 357.2 mm of 
Hg. They also conclude that the osmotic pressure of hepatic and 
bladder bile is approximately the same as that of serum. On the 
basis of experiments in which they placed various bile constituents 
individually into a bile-free dog’s gall bladder, Ravdin et al.° came 
to the conclusion that regardless of the concentration of the original 
solution, the total osmolar concentration of the fluid in the gall 


1Dreser, Arch. f. emp. Path. u. Pharm., 1892, 29, 303. 

2 Brand, Arch. f. d. gesammte Physiol., 1902, 90, 491. 

3 Strauss, Berl. Klin. Wehnsch., 1903, 40, 261. 

4 Bernstein, Arch. f. d. gesammte Physiol., 1905, 109, 207. 

5 Bosquet, cited by Strauss. 

6 Koziezkowsky, cited by Strauss. 

7 Messadaglia and Colletti, cited by Strauss. 

8 Ravdin, Johnston, Riegel and Wright, Am. J. Phys., 1932, 100, 317. 
9 Ravdin, Johnston, Austin and Riegel, Am. J. Phys., 1932, 99, 638. 
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bladder after a period of time approaches that of serum. Reinhold 
and Wilson” state that: ‘““Although the sum of the molar concentra- 
tions of anions and cations in bile exceeds that in serum, the osmotic 
pressure of the two fluids, as shown by the work of others, is 
practically the same. Actually the molar concentrations of inor- 
ganic ions are approximately the same in both. It would appear, 
therefore, that the principal organic ion of dog bile, taurocholic 
acid, either exhibits little osmotic activity or diminishes the osmotic 
activity of other ions.’’ Gilman and Cowgill’’ using Hill’s method 
found approximate isotonicity of blood and hepatic bile, and that 
artificially produced changes in the osmotic pressure of the blood 
produced parallel changes in the osmotic pressure of hepatic bile. 
Their osmotic pressure values are given in terms of milliequivalents 
of an osmotically equal NaCl solution. They state they are “confi- 
dent the values for osmotic pressure—are accurate to within 1 
milliequivalent ;’’ yet their average values for the osmotic pressure 
of blood and hepatic bile under all conditions are 155 and 151 milli- 
equivalents, respectively. Therefore the difference in the average 
osmotic pressure of blood and bile falls 3 milliequivalents outside the 
range of experimental error. Furthermore, the values for hepatic 
bile were 2-9 milliequivalents lower than for blood in 13 of 15 
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10 Reinhold and Wilson, Am. J. Phys., 1934, 107, 378. 
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cases. In the other 2 cases the value for bile was 1 milliequivalent 
higher than for blood. In order to investigate the role of the gall 
bladder in osmotic processes, it was decided to study the changes in 
osmotic activity of serum and nearly isotonic NaCl + NaSO, solu- 
tions placed in the gall bladder by the vapor tension method. 

Methods. Cats anesthetized with nembutal were used as experi- 
mental animals. The gall bladder was entered via a whistle-tip 
fiber ureteral catheter so inserted and tied into the cystic duct as not 
to injure the cystic vessels. Injections into and withdrawals from 
the gall bladder were then accomplished by a syringe whose needle 
fit closely into the open end of the catheter. When not in use, the 
open end of the catheter was closed by a piece of wire of similar 
diameter to the bore of the catheter. After the bladder bile was re- 
moved, the gall bladder was washed out several times with normal 
saline at body temperature then with the fluid to be injected at body 
temperature. Finally such an amount of fluid was injected as to 
moderately distend the gall bladder (usually 1.5 to 0.7 cc). The 
fluids injected were: (1) the cat’s own serum obtained just before 
injection from femoral vein blood, and (2) NaCl + NasSO, (in 
about equiosmotic proportions) solution approximately isotonic with 
the cat’s plasma. Small samples of gall bladder fluid were with- 
drawn about every % hour for 14% to 2 hours. Blood plasma 
samples were taken as described by Roepke and Visscher” at the 
beginning and end of the experiment. All samples were protected 
from evaporation and CO, loss. Osmotic activity (see Roepke and 
Visscher) determinations were made with Hill’s thermoelectric 
method as modified by Baldes.™:** Vapor tension measurements 
were made with air and CO, mixtures in the thermocouple chamber 
in order to control the influence of the CO, tension. Chloride was 
determined according to the method of Van Slyke.® 

Results. Fig. 1 shows the typical results obtained on placing 
1 cc of autogenous serum in a cat’s gall bladder. Within 90 minutes 
the volume decreases (50% to nearly 100%); the chloride falls 
(30% to 40%) ; and the osmotic activity decreases (7 to 23 mM), 
The osmotic activity is higher in 5% CO, than in air. The osmotic 
activity and chloride concentration of the blood remain relatively 
constant. If the serum is poisoned with .004 M HegCl.; the volume 
remains practically constant, the chloride decreases (but only about 


12 Roepke and Visscher, Proc. Soc. Exp. Bron. aND MeED., 1939, 41, 500. 
18 Baldes, J. Sc. Instruments, 1934, 11, 223. 

14 Baldes and Johnson, Biodynamics, 1939, No. ATi Ms 

15 Van Slyke, J. Biol. Chem., 1923, 58, 523. 
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15%), and the osmotic activity does not change. The osmotic ac- 
tivity and chloride concentration of blood again remain nearly con- 
stant. 

Fig. also shows the results of an experiment in which 1 cc of an 
isotonic mixture of osmotically equal parts of NaCl + Na,SO, was 
placed in a cat’s gall bladder. The volume decreased (50% to 75%). 
The chloride (25% to 50%). The osmotic activity usually rose 
somewhat (3 to 5 mM), and was higher in air than in 5% COs. 
The osmotic activity and chloride concentration of the blood re- 
mained relatively constant. If the salt solutions are markedly 
hyper- or hypotonic to the blood (8 to 10 mM), the osmotic activity 
of the gall bladder fluid decreases or increases, respectively, to 
approach that of blood. In these cases there is also a decrease in 
volume and chloride. If the salt solution is poisoned with .001 M 
HgCl, ; the volume increases (50% ), the chloride increases (30% ), 
and the osmotic activity increases more rapidly and markedly (8 
mM). The osmotic activity of the plasma remains unchanged. 

The osmotic activity of the removed gall bladder bile was usually 
1 to 3 mM lower than that of blood removed 15 to 30 minutes later. 
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Cultivation of the St. Louis Encephalitis Virus.* 


ELEANOoRA Motuoy. (Introduced by C. W. Jungeblut. ) 


From the Department of Bacteriology, College of Physicians and Surgeons, 
Columbia University, New York. 


The virus of St. Louis encephalitis is known to grow readily on 
the chorioallantoic membrane of the developing hen’s egg and .in 
tissue cultures of the Li and Rivers type.** In both media, however, 
virus titrations have been uniformly low, usually attaining levels of 
10°, with an occasional maximum of 10°. 

Successful propagation of the lymphogranuloma venereum virus 


* This research was supported by a grant from the W. J. Matheson Fund for 
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was obtained by Sanders’ with the use of a new type of medium 
consisting of tissue elements in ox serum ultrafiltrate.° Higher 
yields of virus were obtained at room temperature than at 37°C. 
The stability of these cultures and their marked potency, together 
with the fact that serum ultrafiltrate is protein-free made it appear 
desirable to apply this method to the propagation of St. Louis en- 
cephalitis virus. 

Tissue cultures were prepared in rubber stoppered 50 cc Erlen- 
meyer flasks by adding minced embryonic mouse brain to 10 cc of 
serum ultrafiltrate diluted 1 in 3 with Simms’ salt solution.® These 
flasks were inoculated with 0.1 cc of a 1:10 mouse brain virus sus- 
pensiony and parallel series maintained, one at room temperature 
and one at 37°C. Passages were made by transferring 0.1 cc of 
the clear supernatant fluid every 5 days. After intervals of 5, 10 
and 15 days’ incubation, potency tests were carried out by intra- 
cerebral inoculation of groups of 4 mice (8-12 g) with 0.03 cc of 
serial tenfold dilutions of the supernatant fluid. The endpoint in 
these titrations was taken as the last dilution causing characteristic 
symptoms and death in 50% of the inoculated mice. The identity 
of the virus was assured by two neutralization tests with a known 
antiserum, carried out with the 5th and 28th culture passages. 

During 28 culture generations, the virus titers have been con- 
sistently higher after incubation at room temperature (10°) than 
at 37°C (10°). These titers, once attained, were maintained at a 
constant level during the first 10 days, but showed a drop in potency 
to 107, 10° after 15 days. No difference was observed between the 
virtis content of the whole culture (emulsified tissue plus supernatant 
fluid) and that of the clear supernatant fluid alone. 

When embryonic guinea pig brain was used in place of mouse 
brain the virus grew readily at room temperature (10°, 10°), but 
showed a tendency to die out after 4 to 7 passages in cultures of 
other organs (liver, lung, spleen, kidney, heart, intestine). After 
12 passages through embryonic guinea pig brain cultures the virus 
still failed to infect guinea pigs. 

Cultures of adult mouse organs (brain, liver, kidney, spleen, heart, 
adrenal) have uniformly failed to support the growth of this virus 
in repeated tests, irrespective of variations in technic, such as temper- 
ature, amount of tissue, amount of fluid, method of transfer. 

An attempt was made to combine the tissue culture technic with 


5 Sanders, M., J. Exp. Med., 1940, 71, 113. 
6 Simms, H. S., and Stillman, N. C., J. Gen. Physiol., 1937, 20, 603. 
t The strain used was isolated in 1933 by Dr. M. Holden of this Department. 


PLEUROPNEUMONIA GROUP IN CHILDREN 565 


advantages offered by the chorioallantoic membrane of the develop- 
ing egg. The chorioallantoic membrane of a 10-day-old egg was 
removed, washed in saline, and placed in 10 cc of serum ultrafiltrate 
in a 50 cc Erlenmeyer flask. The cultures were incubated at room 
temperature and the supernatant fluid only was used for passage and 
titration. The virus titered up to 10“ after six passages and up to 
10~ after nine and ten generations. With this type of culture, only 
very fresh preparations were used, as, on storage, acid accumulates 
which must be neutralized by alkali in order to maintain a constant 
pH over a long period of time. The standardization of this type of 
culture is under consideration at present. 

Conclusions. The virus of St. Louis encephalitis may be grown 
in a medium containing embryonic mouse or guinea pig brain in ox 
serum ultrafiltrate. Cultures of organs from adult mice fail to 
support growth of the virus. Incubation at room temperature pro- 
duces higher titers (10°) than incubation at 37°C (10°). At both 
temperatures the attained titer remains almost unchanged for 10 
days but shows a decrease after 15 days’ incubation. The virus is 
present in the same concentration in the supernatant fluid as in the 
emulsified whole culture. Infected chorioallantoic membranes main- 
tained in serum ultrafiltrate at room temperature support growth of 
this virus up to titers varying from 10% to 10°. 
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Search for Microérganisms of the Pleuropneumonia Group in 
Rheumatic and Non-Rheumatic Children. 


ALBERT B. SABIN AND BARBARA JOHNSON 


From the Children’s Hospital Research Foundation and the Department of 
Pediatrics, University of Cincinnati College of Medicine. 


It has recently been demonstrated! that mice of various stocks are 
carriers of a new group of filtrable microdrganisms which bio- 
logically can be classed with the causative agent of pleuropneumoma 
bovum but otherwise is quite distinct as regards pathogenicity, 
affinities for special cell types in vivo, and immunological identity. 
In mice, these microdrganisms are usually found in association with 
the epithelium of the conjunctiva and nasal mucosa without giving 
rise to any signs of disease. However, when cultures of certain 


1 Sabin, A. B., Science, 1939, 90, 18. 
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types of these microdrganisms are injected intravenously or by 
certain other routes, experimental diseases are produced in mice 
which resemble in many respects some of the manifestations of 
rheumatic fever and rheumatoid arthritis in man.” Many attempts 
have been made, therefore, to isolate similar microorganisms from 
these human diseases. Failure to obtain such microdrganisms from 
the exudates and tissues of a small number of patients with rheuma- 
toid arthritis or rheumatic fever has already been reported*® and 
the purpose of the present investigation was (a) to determine 
whether or not human beings may be carriers of similar or related 
microorganisms, and (b) to study additional material from patients 
with rheumatic fever or rheumatoid arthritis. 

Cultures were obtained from the nose and throat and in most 
instances also from the conjunctiva of 100 human beings, 95 of 
whom were under 15 years of age. Material obtained with sterile 
cotton swabs was streaked on agar plates containing 30% ascitic 
fluid. After 4 days’ and again after 7 days’ incubation at 37°C, 
all plates were examined with the microscope at a magnification of 
100 times and a thorough search was made for colonies which might 
resemble even remotely those of the pleuropneumonia group. No 
such colonies, however, were found in any of the cultures. Among 
the patients that were examined in this manner there were 28 in 
the active phase of rheumatic fever, 2 in the active stage of Still’s 
disease, 14 with various types of infection of the upper respiratory 
tract (mostly pharyngitis or tonsillitis associated with otitis media), 
3 with pneumonia, and most of the remainder with miscellaneous 
medical or surgical conditions. 

The blood of 9 children with rheumatic fever (acute febrile 
phase) and of two children during the febrile stage of Still’s disease 
was cultured by adding 5 ce to 25 cc of broth containing 30% 
ascitic fluid and 0.5% glucose. No growth was obtained despite 
prolonged incubation and “blind passage.” Exudates from the 
knee-joints of 3 children during their first attack of rheumatic poly- 
arthritis were similarly cultured on fluid and solid media, but without 
obtaining any growth. Pericardial fluid, the pericardium and myo- 
cardium, and vegetations from the mitral valve obtained at necropsy 
from two children who died with active rheumatic carditis also 
yielded no growth. 

Because experience with the pleuropneumonia group in mice indi- 
cated that they may often be intimately associated with the affected 


2 Sabin, A. B., Science, 1938, 88, 575; ibid., 1939, 89, 228. 
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cells, and since the carrier state in mice was established by streaking 
the conjunctiva and nasal mucosa rather than exudates from those 
sites, it was decided to investigate a series of tonsils removed from 
children for various reasons. A piece of tissue was removed from 
each tonsil, minced to expose a larger surface, and streaked on a 
30% ascitic fluid agar plate. The tonsils of 58 children (116 speci- 
mens) were thus examined, and in 3 cases there were colonies, 20 to 
40 » in size, bearing a striking resemblance to those of certain 
members of the pleuropneumonia group. The appearance of these 
colonies (to be referred to as ‘“X” colonies) is illustrated in Figs. 
land2. They always occurred along the streak either independently 
of the adjacent bacterial colonies (Figs. 1, 2) or at the border of 
and in intimate association with a bacterial colony. The plates 
were examined routinely 4 and 7 days after incubation; in 2 cases 
the ““X”’ colonies were seen on the 4th day and in the third not until 
the 7th day, although in a repeat culture from the same tonsil many 
colonies appeared on the 4th day. Impression films of zones contain- 
ing these colonies were unsatisfactory because the bacteria from 
the adjacent colonies obscured the field. Many attempts to passage 
the ‘““X”’ colonies in series were without success. When an isolated 
“X” colony was streaked on 30% ascitic fluid agar or put into broth 
containing 30% ascitic fluid and 0.5% glucose no growth of any 
kind occurred. When “X” colonies and adjacent bacterial colonies 
were passaged together only the bacterial colonies grew out. In 
2 of the 3 cases it was possible to obtain ‘X”’ colonies several times 
by repeating cultures from the same tonsils which were kept in the 
refrigerator, but passage was invariably unsuccessful. There was 
thus no evidence that the, ““X”’ colonies were either a variant or a 
symbiont of any of the tonsillar bacteria, and their nature remains 
obscure. It is perhaps significant that they were not observed once 
among the “swab” cultures from the eyes, nose, and throat of the 
100 cases studied by the same method. Swabs from the nose and 
tonsillar regions of the child, whose tonsils yielded the largest 
number of “‘X”’ colonies, were cultured 7 weeks after tonsillectomy 
but no “X” colonies were found. The possibility must be in- 
vestigated that the ““X” colonies may represent pleuropneumonia-like 
microorganisms which are intimately associated with certain cells and 
have such specific growth requirements that only one generation 
is possible on the 30% ascitic fluid agar, but it should be stressed 
that there is still no evidence that there is a human group of pleuro- 
pneumonia organisms such as has been shown to exist in cattle, 
sheep and goats, dogs, rats, and mice. 
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Figs. 1 anp 2. 
Growth resulting from streaking human tonsils on 30% ascitie fluid agar. 
Arrows point to ‘‘X’’ coionies. Fig. 1—X112; Fig. 2—X150. 
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Summary. Cultures on 30% ascitic fluid agar of material ob- 
tained by swabbing the eyes, nose, and throat of rheumatic and 
non-rheumatic children and a few adults failed to reveal any pleuro- 
pneumonia-like colonies. No success was encountered in additional 
attempts to isolate microorganisms of the pleuro-pneumonia group 
from the blood of children in the febrile phase of acute rheumatic 
fever or Still’s disease, from the joint fluid during the first attack 
of rheumatic polyarthritis, and from rheumatic pericardial, myo- 
cardial, and valvular tissues obtained at necropsy. Cultures of 
58 pairs of excised tonsils, however, yielded in 3 cases peculiar 
microscopic colonies (““X” colonies) which were 20 to 40 wm in 
size and strikingly similar to those of certain members of the pleuro- 
pneumonia group. The “X” colonies could not be passaged beyond 
the first generation, and their nature remains unknown. 
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Pathogenic Pleuropneumonia-Like Microorganisms in Tissues of 
Normal Mice and Isolation of New Immunological Types. 


ALBERT B, SABIN AND BARBARA JOHNSON. 


From the Children’s Hospital Research Foundation and the Department of 
Pediatrics, University of Cincinnati College of Medicine. 


That normal mice can be carriers of a distinct group of patho- 
genic pleuropneumonia-like microorganisms has already been 
demonstrated in an investigation of 3 different stocks of animals in 
New York. Previous studies have established that their natural 
habitat was the conjunctiva and nasal mucosa,* although at least one 
strain was found in the brain of a normal mouse.” They have also 
been isolated from the lungs of mice which had received nasal instilla- 
tion of various materials under ether anaesthesia» *® and in the 
brains of mice which had been used for passage of various other 
infectious agents.” * Three distinct immunological types—A, B, 
and C—which vary in their pathogenicity and tissue affinities as 
well as in their antigenic make up, have now been described. 
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The purpose of the present study was to determine (a) to what 
extent these microorganisms were present in other tissues of carrier 
mice, (b) whether the carrier state persisted throughout life or was 
limited to a special age group, and (c) to investigate further the 
multiplicity of immunological and biological types that make up the 
mouse pleuropneumonia group. The mice used in the present studies 
came from an albino stock that had been inbred in Ohio for about 
50 years. A preliminary investigation of the nasal mucosa and 
conjunctiva of 6 mice, yielded 5 new strains from 3 mice, all of 
which produced the neurotropic exotoxin and were immunologically 
type A. The distribution of the microorganisms in various tissues 
of carrier mice was studied in 10 animals which were 3 to 4 weeks 
old. The eyes, nose, trachea, lungs, heart, blood, liver, spleen, 
kidney, brain, and intestinal contents were cultured on 30% ascitic 
fluid agar. The intestinal contents were taken up in physiological 
salt solution, centrifuged at about 2000 rpm for 30 minutes, and the 
supernatant liquid was used for cultivation. Microorganisms of 
the pleuropneumonia group were obtained from 7 of the 10 mice 
(Table I). With the exception of the eyes and the upper respiratory 
tract they were isolated from the brain of 3 of these mice. Only a 

TABLE I. 

Pathogenic Pleuropneumonia-like Bee ae in Various Tissues of Carrier 


Tissues cultured 


Mouse Heart Intestinal 
No. Eyes Nose Trachea Lungs blood Liver Spleen Kidney contents Brain 
Lato 4 Cm og 0 0 0 0 oO 0 
CAS 
2 0 0 0) 0 0 0 0 0 0 0 
3 0 0 0 0 0 0 0 0 0 a 
(A) 
4 0 + 0 0 0 0 0 0 0 0 
5 + 4 +. 0 Uns. Uns. Uns. Uns. 0 0 
(A,D,E) 
6 + a 0 0 0 0 0 0 0 
(A) (A) 
7 + 0 0 0 0 0 0 0 0 
8 4 0 0 0 0 0 0 0 0 = 
(A) (A) 
9 0 0 0 0 0 0 0 0 0 0 
10 0 Uns 0 0 0 0 0 0 Uns. 0 
itil 0 aL + 0 0 0 
(D) (D) 
12 0 0 0 


afl. 
(D) 
“Letters in parentheses refer to the immunological type of the strain that was 
isolated. 
Uns.—culture unsatisfactory. 
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few colonies were present in the cultures from the brain (there were 
no ordinary bacteria) and all 3 strains proved to be neurotropic 
exotoxin producing Type A’s. Because the culture obtained from 
the nose of mouse 5 behaved peculiarly in tests for pathogenicity and 
agglutination, it was plated out and 3 different kinds of pleuro- 
pneumonia-like colonies were observed. Isolation and passage of 
single colonies revealed that the original culture was a mixture of 
3 immunologically distinct types—A, D, and E. The new types 
D and E produce a progressive chronic arthritis but no neurotropic 
exotoxin and are immunologically different not only from one 
another but also from types A, B, and C of the mouse group and 
L, and L, of the rat group of pleuropneumonia-like microérganisms. 
Mice 11 and 12 (Table I) were sacrificed several days after the 
intravenous injection of bacteria, and the 3 strains of pleuropneu- 
monia-like microorganisms which were isolated from the nose, 
lungs, and brain all belonged to the new type D. 

Cultures from the conjunctiva and nasal mucosa of 10 old mice 
(6 months or older) yielded 6 strains from 4 mice, suggesting that 
the carrier state is probably not a transitory phenomenon. Two of 
these strains were typed and the one from the eye was a type A and 
that from the nose a type B. While type A as well as other types 
have been encountered in various tissues, the strains which have 
thus far been isolated from the eyes have all been type A. That the 
carrier state probably develops after birth by contact infection is 
suggested by a preliminary study of 5 mothers and their offspring. 
While 4 of the 5 mothers were carriers (nose, eyes, or both), no such 
microorganisms were found in 13 of their offspring at 3 days of age 
and were present in the nose of only 1 out of 20 at 5 days of age. 

Summary. Pathogenic microorganisms of the mouse pleuro- 
pneumonia group in addition to being present in the conjunctiva and 
nasal mucosa may often be found in the brain and occasionally also 
in the trachea and lung of normal carrier mice. They were not 
found in the heart blood, liver, spleen, kidneys or in the intestinal 
contents. The carrier state is probably the result of contact infec- 
tion and has been demonstrated as early as the 5th day of life and 
later than 6 months. Two new, immunologically distinct types 
(D and E) have been isolated; they produce arthritis but not the 
neurotropic exotoxin which thus far has been found to be elaborated 
only by the type A strains. 
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Spread of Virus in an Unvaccinated Case of Human Rabies. 


ALBERT B. SABIN AND ISAAC RUCHMAN 


From the Children’s Hospital Research Foundation and the Department of 
Pediatrics, University of Cincinnati College of Medicine. 


A necropsy on an unvaccinated case of human rabies presented 
. an opportunity to investigate several questions regarding the spread 
of the virus in human beings and the development of immune bodies 
during the course of the disease. Since rabies is noted for the 
centrifugal spread of the virus it was desirable to determine (par- 
ticularly for correlation with poliomyelitis in man) to what extent 
the virus spread outwards along the olfactory pathway and whether 
or not it appeared in the feces in a case in which the portal of entry 
was known to be the hand. 

The patient was a 55-year-old man who was bitten on the right 
hand by a dog. There was no treatment other than superficial 
cleansing of the wound. He died 2 months later after an illness 
of 2 to 3 days with a clinical diagnosis of rabies. Necropsy was 
limited to the head, and the following structures were investigated : 
(1) The skin and subcutaneous tissue at the site of the bite (which 
was still marked by hyperemic scar tissue) after superficial steriliza- 
tion with iodine and alcohol, (2) upper cervical cord and medulla, 
(3) cornu ammonis, (4) olfactory bulbs, (5) nasal mucosa (mostly 
olfactory) removed after,an intracranial exposure of the roof of the 
nasal cavity, (6) tonsillar and pharyngeal tissues, (7) saliva 
obtained by swabbing out the mouth and throat with sterile absorbent 
cotton, (8) feces removed from the rectum by spatula, (9) sub- 
arachnoid fluid over the exposed cerebral cortex removed with a 
needle and syringe, and (10) heart blood. The feces was prepared 
for inoculation in two different ways: (a) one 2 g sainple was 
shaken with glass beads in 10 ce of broth and after horizontal 
centrifugation at about 2000 rpm for 15 minutes the supernatant 
liquid was passed through a Berkefeld “V” filter which had previously 
been saturated with 20 cc of broth; (b) a 2.5 g sample was shaken 
in 15 ce of distilled water and after centrifugation as above, the 
supernatant liquid was mixed with 2 cc of anaesthetic ether and 
thoroughly shaken for 10 minutes; after 5 hours in the refrigerator 
at approximately 5°C the mixture was again centrifuged and the 
very opalescent fluid portion removed. Preparation (a) was 
bacteria-free while preparation (b) was not. The saliva and mucus 
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were freed from the absorbent cotton with the aid of 30 cc of 
physiological salt solution. After horizontal centrifugation one part 
was injected into mice without any further treatment, another part 
was treated with 15% of anaesthetic ether in the same manner as 
the feces, and still another part was mixed with one-tenth its volume 
of rabbit serum and passed through a Berkefeld “V” filter which 
had been saturated with 10 cc of 10% rabbit serum in physiological 
salt solution. The other tissues were prepared as indicated in Table 
I. With the exception of the heart blood, subarachnoid fluid, and 
the centrifuged, untreated suspensions of the nasal mucosa and of 
the tonsillar and pharyngeal tissues, each specimen was injeced into 
6, two- to three-week-old white mice and one rabbit; where this 
number of animals does not appear in the table it means that they 
died within one or 2 days as a result of the inoculation. 

The results shown in Table I indicate that while there was no 
demonstrable virus at the site of inoculation, 7.e. the bitten area, 
there was enough present in the cervical cord and medulla, the 
cornu ammonis, and the olfactory bulbs to produce rabies in all the 
inoculated animals after a relatively short incubation period. The 
diagnosis of rabies was made by the demonstration of large numbers 
of typical Negri bodies in films of the brains of succumbing animals, 
by positive passage, and finally by neutralization with rabies immune 
serum which was kindly supplied by Dr. L. T. Webster of the 
Rockefeller Institute. A very small amount of virus, only enough 
to produce rabies in one of 6 mice, was present in the untreated, 
centrifuged suspensions of the nasal mucosa and of the tonsillar 
and pharyngeal tissues, while none was found in the Berkefeld “V” 
filtrates of the same preparations. Virus was also not demonstrated 
in the heart blood, subarachnoid fluid, saliva, and feces. The un- 
affected mice and rabbits were observed for 8 weeks and were then 
tested for immunity by an intracerebral injection of a 10° dilution 
of the virus (derived from the cord and medulla of this case and 
passaged in mice) which represented approximately 10 minimal 
mouse cerebral lethal doses. All of 62 test mice and 15 control mice 
of the same age developed rabies; 5 test rabbits and one control also 
succumbed. 

With regard to the centrifugal spread of the virus along the 
olfactory pathways in human rabies, it would appear therefore that 
after entry by way of the nerves supplying the hand the virus can 
spread to and be present in appreciable amounts in the olfactory 
bulbs ; the small amount which was demonstrated in the nasal mucosa 
indicates how little the extracranial part of the olfactory system can 
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be affected. While the failure to demonstrate virus in the saliva 
and feces may partly be due to inadequate methods, it may also be 
that there was insufficient centrifugal spread of the virus. The 
present status of the presence of virus in the salivary glands or saliva 
in human rabies is rather indefinite. Thus, Williams,* stated that 
“olands from human beings are seldom infective for test animals,” 
and Leach? recently reported isolation of the virus from the salivary 
glands of only one of 3 human cases. Kraus, Gerlach, and Schwein- 
burg® pointed out the discordance in the results and opinions con- 
cerning infectivity of saliva, and added that no case of rabies has 
been known to be produced by the bite of a human being. Pala- 
wandow and Serebrennaja* reported that they produced rabies in 
guinea pigs [the evidence is not unequivocal, however] by intra- 
muscular injection of saliva from a 12-year-old girl with rabies, 
and according to Pawan’ the above authors obtained similar results 
with saliva from 5 rabid persons. Pawan’ tested the saliva of 6 
persons with signs of paralytic rabies (Trinidad) by rubbing swabs 
moistened with saliva into the scarified abdominal wall of 7 rabbits, 
all of which became paralyzed and exhibited Negri bodies; by a 
similar method he demonstrated the virus in the saliva of bovines, 
horses, and vampire bats. 

The other question to be investigated was whether or not immune 

TABLE II. 


Test for Neutralizing Antibodies Against Rabies Virus in Patient’s Post-mortem 
Serum. 


Result with 


Dilution Breth Patient’s Mouse immune 


of virus control serum serum 
10-2 5,5,0,0* 4,5,5,6 8,10,10,0 
10-3 6,6,7,8 Le © 2,0,0,0 
10-4 7,8,10,0 GAVAioaltsy 10,0,0,0 
10-5 0,0,0,0 7,7,0,0 0,0,0,0 
10-6 0,0,0,0 Metae pointe 


_  *0.03 ce of the various dilutions of each mixture was injected intracerebrally 
into each of 4 mice. The numerals refer to the day on which signs of involvement 
of the nervous system (rabies) were first observed. n.t. — not tested. 


1 Williams, A. W., Abt’s Pediatrics, 1925, 6, 251. 

2 Leach, C. N., personal communication; see also Leach, C. N., and Johnson, 
H. N., Abstracts of communications, Third International Congress for Micro- 
biology, 1939, p. 108. 

3 Kraus, R., Gerlach, F., and Schweinburg, Lyssa bei Mensch und Tier, Vienna, 
1926, pp. 80, 128-131. 

4 Palawandow, H., and Serebrennaja, A. I., Z. f. Immunitiétsforsch., 1930 
68, 236. : 

5 Pawan, J. L., Ann. Trop. Med., 1937, 81, 267. 


VIRUS SPREAD IN HUMAN RABIES S77, 


bodies would be present in an individual who died 2 months after the 
introduction of rabies virus into the body. The question was of 
some interest first, because it is known that neutralizing antibodies 
appear in animals and human beings within 2 to 3 weeks after the 
injection of effective rabies vaccines, and second, because in diseases 
like equine encephalomyelitis and yellow fever in which the viruses 
are viscerotropic as well as neurotropic, neutralizing antibodies are 
often found in animals and human beings succumbing to the infec- 
tion. The patient’s serum obtained post-mortem was tested against 
the virus which was isolated from his spinal cord and medulla and 
passaged in mice 8 times; an immune serum from mice inoculated 
with a fixed strain of rabies virus (supplied by Dr. Webster) was 
tested simultaneously. Mixtures of equal parts of the test sera and 
various dilutions of the virus were injected intracerebrally in mice. 
The results, shown in Table II, indicate that the patient’s serum had 
no neutralizing antibodies against the virus, while the mouse immune 
serum exhibited definite protection. 

The results obtained in the present investigation throw some 
additional light on the behavior of rabies virus in man, but it will, 
of course, be necessary to carry out similar studies in other unvacci- 
nated cases to establish whether or not the present findings are the 
exception or the rule. 

Summary. Ina 55-year-old man who died of rabies two months 
after a bite on the hand, virus was not demonstrated at the site of 
the bite but was present in appreciable amounts in the cervical cord 
and medulla, the cornu ammonis, and the olfactory bulbs; only a 
trace was found in the nasal mucosa and the tonsillar and pha- 
ryngeal tissue, and none was found in the feces, saliva, subarachnoid 
fluid, and heart blood. The patient’s serum obtained post-mortem 
had no neutralizing antibodies for the virus. 
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Plasma Protein Shifts During Diuresis. 


D. B. Catvin, GEORGE DECHERD, AND GEORGE HERRMANN. 


From the Departments of Biological Chemistry and Medicine, University of Texas, 
Gaiveston. 


In a previous communication’ changes were described in the 
plasma volume after the injection of salyrgan, aminophyllin, and 
digoxin. This report deals with the plasma protein changes under 
these conditions. Total proteins were determined by the Kjeldahl 
technic; albumin by the method of Campbell and Hanna;’ plasma 
volumes by the method of Gregerson, Gibson and Stead*® as modified - 
by Gibson and Evelyn.* 

After the injection of salyrgan, as the plasma volume drops there 
is a concentration of proteins, with a rise in the percentage of total 
protein and a relatively greater increase in albumin, leading to an 
increase in the albumin:globulin ratio. When the plasma volume 
is markedly lowered following diuresis the percentage of plasma 
protein increases persist, but the total amount of circulating protein 
is conspicuously lowered. 

Paralleling the increase in plasma volume after aminophyllin there 
is a fall in percentage of plasma protein, but an absolute increase in 
the amount of total circulating protein. The latter is largely ac- 
counted for by an increase in circulating albumin, resulting in an 
increase in the albumin:globulin ratio. During the subsequent 
drop, usually marked, in blood volume’ there is a definite rise in 
percentage of total protein and albumin, though the amaunt of each 
in the total circulating plasma shows a striking drop. 

When digoxin was used, the shifts in plasma protein were less 
regular, but in general as the plasma volume dropped there was a 
rise in the percentage of total protein and albumin, with little early 
change in the total amounts of each in the circulating plasma. When 
however the decrease in the plasma volume became marked, though 
the percentage values were maintained there was a large loss of 
protein from the circulating plasma. 


1 Calvin, D. B., Decherd, George, and Herrmann, George, Proc. Soc. Exp. Brow. 
AND Mep., 1940, 44, 529. 

> Campbell, W. R., and Hanna, M. I., J. Biol. Chem., 1937, 119, 15. 

8 Gregerson, M. I., Gibson, J. G., and Stead, E. A., Am. J. Physiol., 1935, 
413, 54. 

+ Gibson, J. G., and Evelyn, K., J. Clin. Invest., 1938, 17, 153. 
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TABLE I. 
Total protein Albumin 
Plasma ss 

Hr after volume, g total g total A/G 
Drug injection ee g% cireulating g% circulating ratio 
Salyrgan 0 5140 5.74 295 3.13 162 1.26 
M% 5110 5.91 302 3.26 166 1.23 
al 4620 6.02 279 3.45 159 1.34 
2 4620 6.11 283 3.46 161 1.31 
5 3280 6.20 205 3.63 119 1.42 
Aminophyllin 0 6120 6.10 373 3.38 207 1.24 
AO % 6488 6.05 393 3.34 223 1.22 
i 6383 5.94 380 3.32 212 1.27 

2 6500 hemolysis 
3 6697 6.01 402 3.39 227 1.30 
5 7202 5.87 423 3.43 242 1.41 
7 278 6.25 393 3.63 228 1.39 
9 4913 6.39 314 3.62 178 1.40 
11 4072 6.44 263 3.81 156 1.45 
Digoxin 0 3890 5.76 224 3.24 126 1.29 
HB 1 4130 5.62 232 3.24 134 1.36 
2 3640 6.00 218 3.50 127 1.40 
3 3682 5.87 216 3.36 124 1.34 
5 3800 5.63 214 3.22 122 1.34 

if 3790 hemolysis 
9 3060 5.94 182 3.63 ital 1.57 
ial 2505 6.06 152 3.65 92 1.51 


Whenever there is an increase in 
injection of aminophyllin, there is noted an increase in the total 
circulating protein, chiefly albumin, similar to the changes observed’ 
in experimental hydremia in the dog. On the other hand, with each 
type of diuretic a drop in plasma volume is associated with moderate 
increase in the percentage of total plasma protein due largely to an 
increase in plasma albumin. The marked drop in the total circulating 
proteins under these circumstances seems explicable only on the 


assumption of plasma protein storage in the tissues. 


5 Calvin, D. B., Proc. Am. Physiol. Soc., in press. 


the plasma volume after ‘the 
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Administration of Ascorbic Acid to an Alkaptonuric Patient.* 


Rospert RipGELY SEALOCK, MorTON GALDSTON AND 
J. Murray STEELE. 
From the Department of Vital Economics, the University of Rochester, Rochester, 
and the Third (New York University) Medical Division, Welfare Hospital for 
Chronic Disease, Welfare Island, New York. 


Recently it has been reported from the senior author’s laboratory 
that artificial alkaptonuria may be readily produced in the guinea 
pig by the supplementation of a vitamin C deficient diet with extra 
tyrosine.’ With the subsequent administration of the vitamin the 
homogentisic acid in the urine was promptly reduced in amount and 
within 48 to 72 hr was completely absent. These findings suggested 
that the relation of ascorbic acid to the excretion of homogentisic 
acid by the alkaptonuric patient should be investigated. However, 
in the course of the experiments with the guinea pigs, the results of 
two such investigations appeared. These reports by Monsonyi® and 
by Diaz, Mendoza and Rodriquez® indicate that ascorbic acid is 
without effect, but since, in our own more recent studies* it has been 
apparent that in the guinea pig the effectiveness of the dose of as- 
corbic acid is dependent upon the state of vitamin saturation in the 
tissues, it was considered imperative to investigate the effect of doses 
of the vitamin greatly in excess of the normal human requirement, 
and also of the relatively small amounts used by the above inves- 
tigators. 

Experimental. The individual who served as a subject for this 
study is an essentially normal 65-year-old white male who exhibited 
at the time of these experiments alkaptonuria and ochronosis—a 
deposition of pigment mainly in cartilage which is characteristic of 
these individuals in later years. Since the patient had previously 
been on an experiment in which he consumed a relatively high intake 
of protein, he was continued on this level, the diet being a mixed diet 
with considerable variety from day to day but so planned that it 


* Aided by a grant from the Committee on Scientific Research of the American 
Medical Association. 


1 Sealock, R. R., and Silberstein, H. E., Science, 1939, 90, 517. 
2 Monsonyi, L., Presse Med., 1939, 47, 708. 


3 Diaz, C. J., Mendoza, H. C., and Rodriquez, J. S., Klin. Wehnschr., 1939, 
18, 965. 


4 Sealock, R. R., Perkinson, J. D., and Silberstein, H. E., in press, 
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furnished approximately 130 g of protein per day. It included 
throughout the experiment 40 to 50 mg of vitamin C daily, an 
amount comparable to the previous daily intake of the patient. The 
urine was collected in 24 hr samples in bottles containing sufficient 
hydrochloric acid to make the sample slightly acid to congo red. 
The homogentisic acid was determined by the iodine-sodium thio- 
sulfate titration procedure of Metz’ as modified by Lieb and Lanyar.® 
The ascorbic acid determinations were made in the usual fashion by 
titration of the fresh sample with standardized 2,6-dichloro-ben- 
zenone-indophenol. Since homogentisic acid also reduces the dye 
under the conditions of the titrations the values were corrected for 
the amount of the hydroquinone derivative. 

Results. Following a control period vitamin Cy was given orally 
at the comparatively high level of 1.0 g per day. As shown in Fig. 1, 
this amount for 4 days proved to be without effect on the excretion 
of the metabolite, as was the further administration on the 12th and 


ALKAPTONURIA 
ADMINISTRATION OF VITAMIN G 
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5 Metz, E., Biochem. Z., 1927, 190, 261. 

6 Lieb, H., and Lanyar, F., Z. physiol. Chem., 1929, 181, 189. 

+ The vitamin used in this study was very kindly supplied by Merck and Com- 
pany, Incorporated, and Chas. Pfizer and Company, Incorporated. 
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13th days of 2.0 g in 0.5 g portions. For the following 3 days the 
ascorbic acid was again doubled, 2 of the 4 g being given by intra- 
venous injections of 1 g each. That a high level of tissue saturation 
had been attained was indicated by the urinary excretion of 1.08, 
1.62, 1.82 and 2.67 g of ascorbic acid on the 12th to the 15th days 
and a blood ascorbic acid of 2.89 mg per 100 cc. In view of the 
failure of even 4.0 g of the vitamin to effect the homogentisic acid 
output, the possibility yet remained of establishing a relationship 
between the two by flooding the metabolic processes with an extra 
dose of the precursor. In order to test this possibility 10 g of 
1-tyrosine were given at the beginning of the 16th day and subse- 
quently four 1 g doses of ascorbic acid. The experiment resulted 
negatively, for in the 24 hr urine sample there were present 15.2 g 
of homogentisic acid, which when compared to the previous average 
represents a recovery of 88% of the theoretical. 

The administration of the vitamin was not entirely without ad- 
vantage, albeit the advantage was unrelated to the metabolism of 
the alkaptone substance. Whereas the urine samples of the control 
period showed the usual tendency to darken on standing, with ex- 
cretion of extra ascorbic acid there was no longer any discoloration 
even after several days, a finding which again illustrates the well 
known protective action of this substance against the oxidation of 
ortho- and para-diphenolic compounds by atmospheric oxygen. 

It should be pointed out that the large doses of ascorbic acid were 
without visible effect on the ochronosis exhibited by the individual. 
However, these results do not preclude the possibility of a continued 
high intake of the vitamin in early life preventing the deposition of 
melanotic pigment in later years. That such a possibility is of some 
importance is evident from the fact that perhaps the only unpleasant 
feature of the condition is the appearance of melanin pigment in the 
cartilage of the ears and nose as discussed by Garrod.? 

The ineffectiveness of ascorbic acid on the abnormal metabolism 
of the alkaptonuric individual indicates a real difference between this 
type of experiment and the one with the guinea pigs'* or in other 
words between hereditary and experimental alkaptonuria. When 
one recalls that the majority of metabolic reactions are chain re- 
actions proceeding under the influence of many different factors and 
enzyme systems, the above difference is not surprising. In the 
guinea pig the missing factor is ascorbic acid while in the alkap- 


‘Garrod, A. E., Inborn Errors of Metabolism, Oxford University Press, 1923, 
p. 58. . 
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tonuric patient it is not the vitamin but some other factor as yet 
unknown. 

Summary. The administration of from 1 to 4 g of ascorbic acid 
per day has been found to be without effect on the excretion of 
homogentisic acid by an alkaptonuric individual excreting an average 
of 7 g of the metabolite daily. The ineffectiveness of this excessive 
amount of vitamin is a finding which is in agreement with results 
with smaller doses obtained by other investigators. 


The authors are indebted to Professor Vincent du Vigneaud for 
placing at their disposal laboratory facilities in the Department of 
Biochemistry of the Cornell University Medical College for the 
chemical work in connection with this experiment, and to Dr. Elaine 
P. Ralli of the Department of Medicine of New York University 
for the determination of the blood ascorbic acid. 
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Relation of Pantothenic Acid to Dermatitis of the Rat.* 


L. R. RrcHAaRDson AND A. G. HOGAN. 


From the Laboratory of Agricultural Chemistry, University of Missouri, 
Columbia, Mo. 


Richardson and Hogan’ demonstrated that rat dermatitis (acro- 
dynia ) is prevented or cured by an aqueous extract of yeast or rice 
bran, and by certain oils. The activity of the aqueous extracts was 
ascribed to the presence of a vitamin, presumably the one later 
designated as vitamin B,. Since this communication is not imme- 
diately concerned with oils our observations, and those of other 
workers,” on their protective action will not be described. Birch? 
reported that two factors are required to prevent or cure acrodynia. 
One is vitamin By, the other is one of the essential unsaturated fatty 
acids. Gyorgy and Eckhardt* obtained complete protection with a 


* Contribution from the Department of Agricultural Chemistry, Missouri Agri- 
cultural Experiment Station Journal Series No. 680. 

1 Richardson, L. R., and Hogan, A. G., Mo. Agr. Exp. Sta. Res. Bul., 1936, 
No. 241. 

2 Salmon, W. D., and Goodman, J. G., J. Nutr., 1937, 18, 477; Schneider, H., 
Steenbock, H., and Platz, Blanche R., J. iol. Chem., 1940, 132, 539. 

3 Birch, T. W., J. Biol. Chem., 1938, 124, 775. 

4 Gyorgy, P., and Hekhardt, R. E., Nature, 1939, 144, 512. 
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combination of vitamin B, and various filtrates after fuller’s earth 
adsorption. Under our experimental conditions both pantothenic 
acid and vitamin B, are required to cure this type of rat dermatitis, 
but additional time will be required to determine whether the cure 
is permanent. 

The rats receive a ration of casein 20, sucrose 71, cellulose 3, cod 
liver oil 2, and salts 4, supplemented with 0.2 mg thiamin and 0.4 mg 
riboflavin per 100 g of food. After mild dermatitis developed vita- 
min By was supplied to Group I, pantothenic acid to Group I, and 
both were supplied to Group HI. Group IV contained three rats 
that had become moribund on vitamin B, and were then rescued 


TABLE I. 
A Combination of Pantothenic Acid and Vitamin Bg Cures Rat Dermatitis. 


Avg Avg wt 
Dp SS | 


No. of period, Initial, Final, 
rats Supplement pg days g g Remarks 
if 
5 Be 10 20.5 47 54 All improved, 4 had re- 


currence, died. 1 nor- 
mal last observation. 

4 Be 20 13 39 42 All improved, 3 had re- 
currence, 2 died. 1 nor- 
mal last observation. 

2 Bg 30 18 40 37 Improved slightly, died. 


bo 


7 Sodium healed. 1 died though 
pantothenate* 70 9.3 40 34 norm. in appearance, 1 
recurrence. 1 improved 
but died before it was 
normal. 4 died without 
improving. 
3 Caleium All improved but not nor- 
pantothenatet 70 12 39 45 mal. 2 had recurrence 
at last observation. 


III 
2 Bg 10 + Na Dermatitis disappeared, 
pantothenate 70 30 SOG norm, 
3 Bg 20 + Ca Dermatitis disappeared, 
pantothenate 70 12 44 72 norm. 
IV 
2 Na pantothenate 70 16 52 90 Dermatitis disappeared, 
norm. 
1 3 a 70 15 60 67 Dermatitis disappeared, 
but infection in both 
eyes, died. 


“We are greatly indebted to Dr. T. H. Jukes who supplied us with this 
preparation. The amount is calculated from his assay in chick units. 

tWe are greatly indebted to Merck and Co., Rahway, New Jersey, who supphed 
us with this preparation. 
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with sodium pantothenate. Our observations are summarized in 
Table I. 

All rats that received vitamin By improved, but 9 of them had a 
recurrence within an average of 15 days. Of the other 2, one has 
been receiving vitamin B, for 12, the other for 30 days. Of the rats 
that received a pantothenic acid salt, 2 were cured. One of these was 
normal at death and the other had a mild recurrence of the dermatitis 
at the last observation. Some of the others improved but as yet 
none has made a complete recovery. When both vitamins were 
supplied simultaneously the animals recovered within a week and 
made considerable gains in weight. Three other rats, which failed 
to recover on vitamin B, alone and were on the point of death, 
responded in a similar manner when a pantothenic acid salt was also 
supplied. One animal died after the dermatitis had disappeared, 
from a secondary infection in both eyes. 

The eyes of the animals which do not respond to vitamin B, alone 
are affected more severely than those of the animals which do not 
respond to pantothenic acid salts alone. The lids adhere and are soon 
covered by a large scab. If pantothenic acid is supplied in addition 
to vitamin B, at this stage the scab falls off, leaving a spectacled 
appearance which disappears without any additional treatment as the 
hair grows back in the denuded areas. Up to the present the other 
lesions characteristic of this type of dermatitis, if either vitamin 
B, or a pantothenate is supplied singly, are indistinguishable. 
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Potencies of Vitamin K, and of 2-Methyl-l, 4-Naphthoquinone. 


Sipney A. THayer, R. W. McKeg, S. B. BINKLEY AND 
Epwarp A. Doitsy.* 


From the Department of Biochemistry, St. Lowis University School of Medicine, 
St. Louis. 


In a previous investigation’ we have confirmed the report of the 
marked antihemorrhagic activity of 2-methyl-1,4-naphthoquinone.” 
A careful comparison of the potencies of this compound and of pure 
vitamin Ki by our 18-hour procedure*® showed that the latter is 


* We wish to acknowledge financial assistance from the Theelin Fund adminis- 
tered by the Committee on Grants for Research of St. Louis University. 
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approximately one-half as active as the former. In view of this 
observation and the report that by the 6-hour procedure vitamin Ki 
is only 1/30 as potent as 2-methyl-1,4-naphthoquinone,* it seems 
desirable to publish the results that we have obtained in a comparison 
of the potencies of the two compounds by the 6-hour observation 
period. 

Experimental. In our experiments. we have used for the evalua- 


TABLE I. 
Bioassay of Vitamin K, and 2-Methyl-1,4-Naphthoquinone. 
Response 
em, — 
Clotting time Prothrombin 
Chicks  -— — time, 
Exp. Dosage used,* <10 min Mean; S.E. Mean; S.E. 
No. Compound pg No. To min sec 
1 Vitamin K,t 0.50 9 ala} 71.0 + 24.2 
1.00 10 30 23.00 + 4.6 
2-Methylt 0.50 14 50 1 ys ees AA 
Controls none 8 0 >180. 
2 Vitamin K, 2.00 lo 90 (ess ales 
4.00 9 100 454+ 0.46 
2-Methyl 0.50 9 67 17.24 4.5 
1.00 9 100 5.3 = 0.90 
Controls none 9 0 >180 
3 Vitamin K, 1.50 14 86 COE Is 
2-Methyl 0.50 10 50 lee 2h il 
Controls none 10 0 110. 
4 Vitamin K, 2.00 19 “100 452+ 0.46 
2-Methyl 1.00 20 100 5.2 0.83 
Controls none 10 0 100. 
5 Vitamin K, 1.00 20 75 80+ 0.8 46.6 + 2.4 
2-Methyl 0.25 15 40 25, Orta) Oe OtOnet= tea) 
0.50 30 70 pies Pee eis) Se 8)(0) 
Controls none 10 0 325. 93.3 
6 Vitamin K, 2.00 15 100 0.8 st) 052807 ele 
2-Methyl 1.00 15 100 Does Wel abe se OY 
Controls none 5 0 361. 99.0 


*Chicks used in Exp. 4 were 15 days of age; all others 21. 
tNatural vitamin K, was used in these experiments. 
tUsed in this table as an abbreviation for 2-methyl-1,4-naphthoquinone. 


1 Thayer, S. A., Binkley, S. B., MacCorquodale, D. W., Doisy, E. A., Emmett, 
A. D., Brown, R. A., and Bird, O. D., J. Am. Chem. Soc., 1939, 61, 2563. 

2 Ansbacher, S., and Fernholz, E., J. Am. Chem. Soc., 1939, 61, 1924. 

8 Thayer, S. A., McKee, R. W., Binkley, 8S. B., MacCorquodale, D. W., and 
Doisy, E. A., Proc. Soc. Exp. Bion. anD MeEp., 1939, 41, 194. 

4 Ansbacher, S., Fernholz, E., and MacPhillany, H. B., Proc. Soc. Exp. Biou. 
AND Mzp., 1939, 42, 655; Ansbacher, S., Fernholz, E., and Dolliver, M. A., Proc. 
Soc. Exp. Bron. aND Memp., 1940, 43, 652. 
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tion of the response of the chicks: (1) the percentage of chicks show- 
ing a clotting time of less than 10 minutes;* (2) the mean clotting 
time; (3) the mean prothrombin time.® Following Ansbacher’s sug- 
gestion, a solution of the compound in cod liver oil was administered 
and the blood drawn 6 hours later for the evaluation of the reaction. 
Each assay included the response of the same lot of deficient chicks 
to the administration of one or 2 dosages of each compound and the 
mean clotting time of a control group. The data are summarized 
in the table. 

In Experiments 1, 2, 3 and 4 the volume of cod liver oil used for 
administration of the compounds was 0.10 cc; in Experiments 5 
and 6 only 0.05 cc was used. From other reports and the data of 
this paper it appears likely that in experiments in which the response 
is restricted to a period of 6 hours or less the volume of oil used 
may play a role in the absorption of vitamin Ki and therefore in 
the apparent potency. We believe that the first 4 experiments of the 
table (0.10 cc oil used) indicate clearly that vitamin Ki is approxi- 
mately one-third as potent as 2-methyl-1,4-naphthoquinone, whereas 
the more complete data of Experiments 5 and 6 in which only 0.05 
cc of solvent was used show that the vitamin is at least one-half 
as active. 

Since the relative inactivity of vitamin Ki with respect to 2-methyl- 
1,4-naphthoquinone and a purified extract of alfalfa is one of the 
important points in the claim that an antihemorrhagic compound 
more active than vitamin Ki is present in alfalfa the discrepancy 
between Ansbacher’s data and our observations should be examined. 
In his recent report Ansbacher* gives for the minimal effective dose 
of 2-methyl-1,4-naphthoquinone 0.5 »g and for vitamin Ki 15 
pug. The table in this paper shows that in the 4 experiments in which 
0.50 wg of 2-methyl-1,4-naphthoquinone was administered the 
percentages of the groups showing clotting times of less than 10 
minutes were 50, 67, 50 and 90; with 1.0 ug the response was always 
100%. Consequently, it appears that the agreement with Ans- 
bacher’s data in the case of this compound is entirely satisfactory 
and that the discrepancy is due to the difference in the results 
obtained with vitamin Ki. In our experiments the response to quan- 
tities of from 1 to 2 ug ranged from 30 to 100%. The highest ratio 
of potencies of the two compounds (Exp. 2) was about 3:1; the 
lowest (Exp. 5) less than 2:1. 

Since the purity of the vitamin Ki used in these experiments is an 


5 Almquist, H. J., and Klose, A. A., Biochem. J., 1939, 33, 1055. 
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important point, we wish to state that it was prepared by hydrolysis 
of the pure diacetyl dihydrovitamin Ki. The vitamin Ki was puri- 
fied by recrystallization at —70°C. 
Analysis: Found C.82:39% a 10137% 
Calculated -C 82.629; 1 10.26% 
FE! of a hexane solution at A 249 mp = 448 


1 cm 
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Effect of Leukotaxine on Cellular Permeability and on Cleavage 
Development. 


VaALy MENKIN 


From the Department of Pathology, Harvard University Medical School, and the 
Marine Biological Laboratory, Woods Hole, Mass.* 


Previous studies have demonstrated the presence of a nitrogenous 
substance in inflammatory exudates capable per se of increasing 
capillary permeability and of inducing rapid diapedesis of poly- 
morphonuclear leukocytes. This substance has been named leuko- 
taxine.’® Its isolation has offered a reasonable explanation for two 
of the basic mechanisms in the development of the inflammatory 
reaction. Furthermore, this substance has been shown to possess 
none of the manifest physiological properties of histamine, thus 
rendering it difficult to accept the view that the latter plays a primary 
role in increasing capillary permeability at the site of injury.4~ 
Kaiser has recently reached in regard to histamine an essentially 
similar conclusion, 7. e., at least as far as a long-standing inflamma- 
tory reaction is concerned.® 

The present series of experiments have been undertaken in an 
endeavor to determine whether leukotaxine exerts any direct effect 


* Aided by grants from the Milton Fund of Harvard University, from the 
International Cancer Foundation, and the Dazian Fund for Medical Research. 

1 Menkin, V., J. Hap. Med., 1936, 64, 485. 

2 Menkin, V., J. Hap. Med., 1938, 67, 129. 

3 Menkin, V., J. Exp. Med., 1938, 67, 145. 

4 Menkin, V., Physiol. Rev., 1938, 18, 366; Dynamics of inflammation, 1940, 
Maemillan Co., New York. 

5 Menkin, V., and Kadish, M. A., Am. J. Physiol., 1938, 124, 524; Menkin, V., 
Proc. Soc. Exp. Bion. AND Mep., 1939, 40, 103. 

6 Kaiser, P., Schweiz. Z. f. allg. Path. u. Bakteriol., 1939, 2, 1. 
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on cellular permeability. The studies of Lucké and McCutcheon 
have demonstrated the usefulness of marine ova as effective material 
in the study of the living cell in its relation to permeability to water.” 
The rate of passage of water placed in ova in a hypotonic medium 
is computed from the rate of change of volume. The permeability 


is derived from the equation: Permeability = es (P — Pex.) For 
dt 


a detailed description of the terms involved in the equation, the 
reader is referred to the various publications of Lucké and 
McCutcheon.** 

The present studies were made on the eggs of the sea urchin, 
Arbacia punctulata. For each experiment the ova were obtained 
from a single specimen of Arbacia and placed in sea water. The 
diameter of a number of ova was determined with an eyepiece 
micrometer. The cells are spherical and therefore the diameters were 
readily converted into measurements of surface area and volume. 
The ova were then transferred to hypotonic sea water (50%), and 
the rate of change of volume measured from minute to minute for a 
period of about 6 minutes. A smooth curve was drawn from which 
at a given time (2 to 3 minutes) the slope of the curve was obtained 
by drawing a tangent. Calculation of the permeability to water was 
then readily computed by applying the above equation. Ova were 
also exposed for several minutes to sea water containing leuko- 
taxine in concentration of about 5 mg per cubic centimeter. These 
ova were then transferred to hypotonic sea water (50% ) and their 
rate of swelling immediately measured. In each case the mean 
volume of several ova was plotted against time. Leukotaxine 
suspended in sea water induced a slightly acid medium which, after 
a prolonged interval, seemed to inhibit any change in the perme- 
ability of ova. The same type of result was obtained when normal 
ova were immersed in sea water previously acidified with HCl. For 
this reason, several experiments were performed by adjusting to a 
slightly alkaline level with 0.5 N NaOH the pH of the sea water 
containing leukotaxine. In experiments of short duration, this 
precaution was found superfluous. It seemed, in brief, as if only 
ova exposed for several hours to an acid medium failed to swell 
when subsequently transferred to a hypotonic medium. The data 
are summarized in Table I. It is clear that leukotaxine-treated ova 
showed, when immersed in a hypotonic medium, a considerable aug- 


7 Lucké, B., and McCutcheon, M., Physiol. Kev., 1932, 12, 68. 
8 Lucké, B., and McCutcheon, M., Arch. Path., 1930, 10, 662. 
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TABLE I. 
Effect of Leukotaxine on Permeability of Ova to Water When Exposed to Hypo- 
tonie Sea Water. 


Permeability of 
No. of Permeability of leukotaxine-treated ; 
experiment control ova* ova* % increase 
1 12 22 83.3 
2 09 16 Uthat 
3 15 .25 66.6 
4 alli 15 36.4 
5 AB} 16 23.1 
Avg 12 all 57.4 


*The units of permeability are in terms of cubie micra of water entering per 
minute, per square micron of cell surface, per atmosphere of pressure. 
mentation in their permeability to water. The average increase 
over that of control ova was about 57%. 

The present observations add further support to the view that 
probably leukotaxine increases capillary permeability by a direct 
effect on the permeability of the endothelial cell. Bier and Rocha e 
Silva originally postulated that histamine and leukotaxine were 
identical substances.? Their view was severely criticized by the 
writer.**»° In view of the mass of accumulated evidence Bier has 
recently retracted his original contention’? (and personal communi- 
cation, 1939). His present interpretation, however, that leukotaxine 
possibly liberates histamine which in turn is responsible for the 
increased capillary permeability’ is not supported by any observa- 
tions. On the contrary, a concentration of histamine (1:20,000 to 
1:50,000) equal to that recovered from exudates by Bier and Rocha 
e Silva, fails to induce the exact pattern of reaction on capillary 
permeability as elicited by either the untreated exudate or by leuko- 
taxine recovered from such exudative material. It is also of interest 
to note that histamine fails to augment the permeability of sea urchin 
ova to water (Lucké, personal communication). In view of the 
opposite effect obtained with leukotaxine, it would be difficult to 
postulate that the latter acts on these cells by first releasing histamine. 
Finally, Ivy has recently succeeded in showing that whereas 
histamine induces increased gastric secretion of free acid in a 
Pavlov-pouch dog, leukotaxine is wholly ineffective in inducing any 
such effect (personal communication). This evidence supports 
further the view that leukotaxine fails to induce a release of 


9 Bier, O., and Rocha e Silva, M., Arqu. d. Inst. Biologico, 1938, 9, 109, 123, 129. 


10 Bier, O., Proc. Third International Congress for Microbiol., New York, 1940, 
p. 768. 
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histamine, since the latter in concentration as low as 0.1 mg mani- 
fests demonstrable secretion of free acid. 

Lucké and McCutcheon showed that Arbacia ova placed in a 
hypotonic solution display an increased permeability to water. 
When these cells were returned to ordinary sea water and insem- 
inated, cleavage frequently failed to occur or was atypical.* These 
investigators expressed the belief that increased permeability is an 
expression of injury due to the rapid entrance of water. Leuko- 
taxine not only enhances the permeability of sea urchin eggs to water 
but it also definitely disturbs cleavage development. This would 
suggest that this substance probably induces a certain amount of 
cellular injury. 

The eggs of Arbacia punctulata were exposed to leukotaxine 
suspended in sea water in concentration of about 0.7 mg per cubic 
centimeter. The length of exposure to leukotaxine, prior to insem- 
ination in ordinary sea water, varied from one minute to 3 hours. 
In some instances, the pH of the sea water containing the leuko- 
taxine-treated ova was adjusted approximately to that of ordinary 


TABLE II. 
Effect of Leukotaxine on Cleavage of Arbacia Ova. 
Control 
Experimental Time exposure to sea water 
Time exposure to leukotaxine prior to fertilization 
ma a ae. 
Exp. 1-30 min 1-3 hr 1-30 min 1-3 hr 
No. % ovain cleavage % ova in cleavage % ovain cleavage % ova in cleavage 
iS dpc, 42 0 40 14 
0 0 
2 58 94 92 98 
92 88 
58 
B) 32 26 100 74 
37 76 
4 60 98 100 100 
66 98 
92 
5 44 32 100 94 
58 
6 44 100 
34 
18 
22 


Avg 42 49.75 88.67 79.14 
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sea water by the addition of 0.5 N NaOH. This precaution induced 
essentially no difference in the ultimate results. The effect on 
cleavage formation obtained in leukotaxine-treated and in control 
ova is summarized in Table II. In both groups similar containers 
with approximately the same volume of suspension of eggs were 
utilized. It is clear that with the exception of one experiment most 
of the ova in the control group displayed, within several hours, 
variable numbers of blastomeres. The percentage of ova in cleavage 
exposed 1 to 30 minutes to sea water prior to insemination averaged 
88.67. When exposed for longer intervals (1 to 3 hours) the 
percentage of ova in various stages of cleavage was slightly reduced, 
namely 79.14. These two figures stand in sharp contrast with the 
effect obtained in the leukotaxine-treated group. The number of 
ova with blastomeres averaged, in the experimental ova, 42 and 
49.75% respectively. In other words, about half of the eggs exposed 
to leukotaxine failed to divide when subsequently inseminated. 
Furthermore, the cleavage pattern in the majority of leukotaxine- 
treated ova appeared abnormal, being characterized by fewer blasto- 
meres than in the control eggs and by unequal forms of division. 
This is exemplified in Fig. 1 and 2. The former shows normal 
development of an ovum about one hour and a half following insem- 
ination. Fig. 2 illustrates the type of development encountered in 
an ovum exposed to leukotaxine prior to insemination. The ovum 
is from the same specimen of Arbacia as the one in Fig. 1 and the 
intervals following insemination are approximately identical in both 
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cases. The illustrations represent histological sections after fixation 
in Bouin and acetic acid followed by 70% alcohol. This abnormal 
form of development in the leukotaxine-treated ova was frequently 
traced back to the fertilization reaction. The fertilization mem- 
brane appeared as a zone distinctly narrower than under normal 
circumstances. It was frequently found surrounded by sperms 
adhering to it (Fig. 2). Evidence of either cytolysis, absence or 
localization of the pigment in one area of the ovum were not of 
infrequent occurrence. These facts suggest that leukotaxine induces 
some degree of injury to the ova. It is also important to note that 
besides unequal cleavage, the leukotaxine-treated eggs displayed, 
after a given interval of time, considerably fewer blastomeres than 
in the untreated ova (Fig. 1 and 2). This strongly suggests that 
leukotaxine tends to retard the rate of cleavage. 

Finally, sperms exposed for only a few minutes to leukotaxine 
induced fertilization of the ova of Arbacia and the subsequent 
cleavage pattern appeared to be unaltered. When, however, sperms 
were placed in contact with leukotaxine for about one hour, there 
was a sharp reduction in their fertilizing capacity. In some cases 
98% of the ova failed to segment. This indicates that leukotaxine 
is evidently likewise injurious to sperms provided the latter are 
exposed to this substance for a sufficiently long interval. 

Conclusions. Leukotaxine, the substance obtained from inflam- 
matory exudates which is capable per se of increasing capillary 
permeability and of inducing leukocytic migration, markedly aug- 
ments the permeability of sea urchin ova to water. Furthermore, a 
considerable number of ova exposed to this substance manifest 
abnormal cleavage development following their insemination. This 
appears in the form both of unequal cleavage and of an appreciable 
retardation in the rate of cell division. Sperms are also inactivated 
after prolonged exposure to leukotaxine. These various manifesta- 
tions indicate that leukotaxine induces a certain degree of cellular 
injury when in contact with the ova or sperms of Arbacia punctulata, 
These effects on invertebrate eggs coupled with its role in inflamma- 
tion suggest that leukotaxine may prove of biological significance 
in the study of cell division and permeability. 


My thanks are due to Doctor B. Lucké for generous advice during 
the course of this study. 
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Protecting Action of Chemicals Related to Procaine on Ven- 
tricular Fibrillation During Cyclopropane Anesthesia. 


B. A. Maranconl, C. L. BursTEIN AND E. A. ROVENSTINE. 


From the Departments of Therapeutics and Anesthesia, New York University 
College of Medicine, New York City. 


In a previous presentation’ it was reported that procaine reduced 
the incidence of ventricular fibrillation following the intravenous 
injection of small doses of epinephrine into dogs during cyclo- 
propane anesthesia. Since the injection of procaine solution into 
the circulation of man is frequently followed by untoward reactions, 
it seemed desirable to investigate the action of less toxic substances 
of the same chemical group. Para-amino benzoic acid, Paramon* 
and sodium para-amino benzoate were the drugs studied. 

Fifty experiments were performed on 21 dogs. Preanesthetic 
medication, morphine sulphate one mg per kilo and scopolamine 
hydrobromide 0.04 mg per kilo was injected subcutaneously one 
hour before each experiment. The carbon dioxide absorption technic 
was utilized for cyclopropane anesthesia. An unobstructed airway 
was assured by an endotracheal tube fitted with an inflatable cuff. 
Depth of anesthesia was maintained at second plane as evidenced by 
the loss of the lid reflex and maintenance of intercostal activity. 
Electrocardiograms (lead IL) were taken before, during and after 
drug administration. 

The test injection of epinephine was 0.01 mg per kilo in 5 ce of 
normal saline, given intravenously at the rate of 1 cc per 10 seconds. 
Para-amino benzoic acid and Paramon were administered intra- 
venously at the dose of 5 to 10 mg per kilo in 20 cc of normal saline 
injected at the rate of 5 cc in 10 seconds. Sodium p-amino benzoate 
was administered at the dose of 10 to 40 mg per kilo in 5 cc of 
normal saline at the rate of 1 cc in 10 seconds. 

The effects of p-amino benzoic acid were studied in 13 experi- 
ments on 5 dogs. Administration of this drug during cyclopropane 
anesthesia prior to the injection of epinephrine showed a protecting 
action against the production of cardiac irregularities. \When it 


1 Burstein, Charles L., and Marangoni, Bruno A., Proc. Soc. Exp. Bron. AND 
Mep., 1940, 43, 210. 


*Paramon is the calcium double salt of benzyl succinie and p-amino benzoie 
acids prepared and supplied by the Seydel Chemical Company. 
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was omitted, 4 out of 5 dogs died following ventricular fibrillation 
when epinephrine was injected during second plane cyclopropane 
anesthesia. Two test doses of epinephrine had been used in 2 of the 
cases and only one test dose in the other 2. All 4 of these animals 
had recovered from previous experiments in which they had been 
treated with p-amino benzoic acid prior to the injection of the 
same doses of epinephrine. In the animals that survived the ad- 
ministration of epinephrine alone, the cardiac irregularities were 
more severe than when the epinephrine injection was preceded by 
p-amino benzoic acid. One animal in this group developed ven- 
tricular fibrillation following the injection of one test dose of epi- 
nephrine preceded by p-amino benzoic acid. This animal, however, 
showed such marked emotional agitation prior to being anesthetized 
as to suggest the possibility of excess epinephrine secretion being 
an additive factor to the epinephrine administration. 

The action of Paramon was studied in 21 experiments on 9 dogs. 
The results were similar to those obtained with p-amino benzoic 
acid. Noteworthy is the fact that when ventricular fibrillation 
developed in 2 of the animals following the injection of epinephrine 
alone, the intracardiac injection of 100 mg of procaine in 5 cc 
saline caused a change from ventricular fibrillation to auricular 
tachycardia and finally full recovery to sinus rhythm. Subsequently, 
the intracardiac injection of Paramon under the same conditions in 
the same animals was ineffective. 

Sodium p-amino benzoate which is more soluble than the other 
2 drugs permitted the use of larger quantities in less volume of solu- 
tion. Doses of 10 to 40 mg per kilo were used and found to have 
effects similar to those of the other 2 dogs. Sixteen experiments on 
7 dogs were performed with this drug. Five of the animals showed 
complete absence of cardiac irregularities when sodium p-amino 
benzoate was injected before one test dose of epinephrine whereas 
omission of sodium p-amino-benzoate resulted in ventricular fibril- 
lation in 3 of the animals and ventricular tachycardia in the other 
2. The remaining animals showed a few ventricular premature 
systoles when sodium p-amino benzoate was employed prior to 
epinephrine in contrast to the development of ventricular tachy- 
cardia in one case and ventricular fibrillation in the other when 
epinephrine alone was administered. In this group also, 2 of the 
animals that developed ventricular fibrillation were successfully 
treated by the intracardiac injection of procaine but succumbed 
when sodium p-amino benzoate was employed at the time of fibril- 


lation. 
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Conclusions. The administration of p-amino benzoic acid, the 
calcium double salt of benzyl succinic and p-amino benzoic acids, 
or sodium p-amino benzoate prior to a test dose of epinephrine dur- 
ing cyclopropane anesthesia reduced the incidence of ventricular 
fibrillation. The intracardiac injection of procaine at the time when 
ventricular fibrillation developed effected a return to normal in a 
number of cases. Wentricular fibrillation was not ameliorated by 
the intracardiac injection of the other three p-amino benzoic acid 
derivatives. 


The authors wish to express their appreciation for the helpful 
suggestions of Dr. Arthur C. DeGraff. 
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Anti-Catalase Activity of Sulfanilamide and Related Compounds. 
VI. Further Studies on Sulfonhydroxamides. 


LAWRANCE E. SHINN, Epna R. Main anp RAteo R. MELLON. 


From The Western Pennsylvania Hospital Institute of Pathology, Pittsburgh, Pa. 


In previous studies on the anti-enzymatic concept of the mode 
of action of sulfanilamide,’~ attention has been focused on catalase 
as one of the enzymes of importance. - A time factor was postulated 
for the conversion of the inactive sulfanilamide to an active anti- 
catalase, which was presumed to result through oxidation to the 
hydroxylamino derivative. This furnishes an explanation of the 
characteristic lag period preliminary to the bacteriostatic action of 
sulfanilamide. It was therefore expected that p-hydroxylamino 
sulfanilamide, or a similar substance, would exert a bacteriostatic 
effect without this period of lag and that in addition the action 
would be more intensive. The sulfonhydroxamides contain a 
hydroxylamino group which, although located differently in the 
molecule, contributes anti-catalase activity. Hence they might 


1 Main, E. R., Shinn, L. E., and Mellon, R. R., Proc. Soc. Exp. Bron. AND MeEp., 
1938, 89, 272. 


2 Shinn, L. E., Main, E. R., and Mellon, R. R., Proc. Soc. Exp. Bron. AND MeEp., 
1938, 39, 591. 


3 Main, KH. R., Shinn, L. E., and Mellon, R. R., Proc. Soc. Exp. Bron. AND Mep., 
1939, 42, 115. 


4 Mellon, R. R., Locke, A. P., and Shinn, L. E., Publication No. I le 215 ZI, Son 
1939, pp. 98-113. 
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behave as preformed active derivatives. It was demonstrated® 
that p-caproylaminobenzenesulfonhydroxamide was capable of in- 
itiating bacteriostasis in broth cultures of the pneumococcus without 
the degree of lag manifested by sulfanilamide and that the bacterio- 
static power per mole was more than 4 times as great as that of 
sulfanilamide. All of the sulfonhydroxamides examined were 
capable of effecting the accumulation of hydrogen peroxide in 
pneumococcus cultures. 

These results were obtained in the absence of blood. The known 
reactivity of hydroxylamine and its derivatives for hemoglobin 
would lead to the expectation that in the presence of blood the 
hydroxylamino group would be destroyed before reaching the bac- 
terial cell* with a resulting diminution of the bacteriostatic effect. 
It would not be expected that the immediate nature of the 
action would be impaired. This bacteriostasis should, however, 
prove to be transient. There are thus 3 points which can be tested 
experimentally. 

Cultures of a virulent pneumococcus (Neufeld Type I) were 
established by seeding 1.5 ce samples of defibrinated rabbit blood 
contained in 1x11 cm tubes with 0.1 cc of a 1/100,000 broth dilution 
of a 16-hr. blood broth culture (300 organisms) and incubating 
at 39.5°C for 1.5 hr with intermittent shaking. Plate counts were 
made at the end of this period and the required compounds added 
as 0.1 cc of a blood dilution of an alcoholic stock solution. Con- 
trols received corresponding amounts of alcohol.+ Incubation and 
shaking were continued and further counts made at 0.75, 1.75, 
3.5, and 8.5 hr after the additions. Inhibition was calculated as 
in the preceding paper.” 

Bigs | A BY. FE gives the results of such: experiments. for 
p-caproylaminobenzenesulfonhydroxamide and sulfanilamide. In 
order to attain a degree of bacteriostasis comparable with that pro- 


5 Main, E. R., Shinn, L. E., and Mellon, R. R., Proc. Soc. Exp. Biou. AND MED., 
1940, 43, 593. 

*Blood containing the sulfonhydroxamides took on a brownish hue during 
incubation. While no experimental proof of the point is available, this was in all 
probability the result of methemoglobin formation and an indication of the lability 
of the hydroxamide group. It has been found in the Sharp and Dohme Labora- 
tories that these sulfonhydroxamides decompose in contact with moisture to yield 
oxides of nitrogen. Obviously these oxides would tend to produce methemoglobin. 
They also appear to be responsible for the yellow color produced when broth 
containing the sulfonhydroxamides was treated with o-tolidine.5 

+ The concentration of alcohol in the cultures was 1-2%. It appeared to have 


no effect on growth. 
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RCO-NH-C,H,4°S0,-NHOH 0.00104 M 


0.00078M 


0.00052 M 


-Nx) 


Oo GG 


CHs-C,Hy SO,-NHOH —0,00104M 


(a 


RCO-NH-C,H4SO,-NH,  0.00078M 


INHIBITION (Ne 


NH,*C, Hy S0,-NH, 0.00052™ 


5 0.00023™M 


39.5°C by: (A) P-caproylaminobenzenesulfonhydroxamide, t 0.00104 M; (B) the 
same, 0.00078 M; (C) the Same, 0.00052 M; (D) p-toluenesulfonhydroxamide, t 
0.00104 M; (EB) p-caproylaminobenzenesulfonamide,t 0.00078 M; (EF) sulfanii. 


(Ne) and in a culture containing the compound added (Nx) over the intervals 
1.5-2.25, 2.25-3.25, 3.25-5.0, and 5.0-10.0 hr. The values are plotted at the mid-point 


of the interval concerned. Cultures were inoculated at 0 hours and the compounds 
added at 1.5 hr (arrow). 


¢ Furnished us through the courtesy cf Dr. Maurice Moore of Sharp and Dohme, 
Ine. 
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duced by 0.00052 M (9 mg% ) sulfanilamide, the concentration of 
the hydroxamide must be raised to 0.00104 M. This is in contrast 
to the results for the same compound in broth where less than 
0.00016 M was required for the same result.° The expected action 
of blood in reducing the bacteriostatic efficacy of this type of com- 
pound is hence demonstrated. As was anticipated, the bacteriostatic 
power of the sulfonhydroxamide is established within the first 
observational period, whereas that of sulfanilamide shows a brief 
period of stimulation. 

The dip in bacteriostatic power at the second interval in Fig. 1 A 
suggests two diverse actions. The second action appears at about 
the time that the first is vanishing and resembles that produced by 
sulfanilamide. This suggests that it can be attributed to a free 
p-amino group produced from the caproylamino group whereas 
the transient portion can be referred to the hydroxamide group. 

This was tested by employing two other compounds: /p-toluene- 
sulfonhydroxamide and _ p-caproylaminobenzenesulfonamide in 
which the two groups are removed to separate molecules. The re- 
sults are shown in Fig. 1 Dand E. When the caproylamino group 
is absent (D) only the immediate transient action is obtained. 
When the hydroxainide group is replaced by an amide group (E) 
no immediate action is found but the second action of p-caproyl- 
aminobenzenesulfonhydroxamide is approximately reproduced. 
Hence it appears that the postulate regarding the prompt but tran- 
sient nature of the action of the hydroxamide group is correct but 
that the complete acylaminobenzenesulfonhydroxamide molecule 
has a double activity. This result made it advisable to investigate 
the extent of deacylation of caproylamino derivatives in blood. 

To whole defibrinated rabbit blood was added p-caproylamino- 
benzenesulfonhydroxamide or /p-caproylaminobenzenesulfonamide 
to a concentration of 0.00078 M. The samples were incubated at 
39.5° and portions withdrawn for analysis by the Marshall method. 
The results are given in Table I. Both compounds underwent sub- 
stantial deacylation in blood. In broth no significant deacylation of 
the sulfonhydroxamide was noted; indicating that deacylation in 
blood was largely enzymic. That the degree of conversion to free 
amine in the case of the sulfonhydroxamide is sufficient to account for 
the bacteriostasis produced is not conclusively demonstrated but in 
Fig. 1 G is shown the result of experiments with a lower concentra- 
tion of sulfanilamide (4 mg%) in which very substantial bacterio- 
stasis was produced. 
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TABLE I. 
Deacylation of p- Caproylaminobenzenesulfonhydroxamide and p-Caproylamino- 
benzenesulfonamide in Broth and Defibrinated Rabbit Blood at 59.5°C. 


A B 
a ‘at =) 
mg % mg % 
% deacylation % sulfanilamide % sulfanilamide 
in broth deacylation equivalent deacylation equivalent 

Hr pH 7.4 in blood in blood in blood in blood 
) 1.3 0.8 0.1 0.4 0.05 
0.75 — 3.6 0.5 4.1 0.5 
1.75 == 5.8 0.8 7.5 1.6 
3.50 1.3 10.8 1.5 18.0 Deh 
6.75 == 15.7 2.1 32.0 4.3 
24.0 — 29.8 4.0 76.0 10.2 


5 
00 

A. p-caproylaminobenzenesulfonhydroxamide 0.00078 M. 
B. p-caproylaminobenzenesulfonamide 0.00078 M. 


Discussion. p-Caproylaminobenzenesulfonhydroxamide appears 
to represent an approach to that hypothetical compound which shall 
be “preformed” in the sense of possessing the group or groups neces- 
sary to bacteriostatic activity which are normally formed by the 
micro-organism itself. That the present compound is not ideal is 
demonstrated by the transient nature of the powerful early effect. 
The demonstration of two successive activities arising from the 
same molecule opens interesting fields of speculation and experi- 
ment regarding future objectives in the production of better thera- 
peutic agents. 

Summary. p-Caproylaminobenzenesulfonhydroxamide produces 
bacteriostasis of pneumococci in blood without the lag characteristic 
of stifanilamide. The activity is only about one-eighth of the 
corresponding bacteriostatic power in broth. That the immediate 
nature of the effect is due to the hydroxamide group was demon- 
strated by the use of p-toluenesulfonhydroxamide in which the po- 
tentially active p-amino group is absent. The effect of the hydrox- 
amide group is transient in nature. A second period of bacterio- 
static activity manifested by p- caproylaminobenzenesulfonhydrox- 
amide is probably due to the free amino group formed by deacyla- 
tion of the caproylamino group. 
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Bioassay of Water-Soluble Antihemorrhagic Compounds by 
Intravenous Administration.* 


D. RIcHERT, SIDNEY A. THAYER, R. W. McKez, S. B. Bink Ley 
AND Epwarp A. Doisy. 


From the Department of Biochemistry, St. Louis University School of Medicine, 
St. Louis. 


Since the natural vitamin K compounds are not soluble in water 
and in many cases superior therapy could be attained by intravenous 
administration, several different water-soluble antihemorrhagic 
compounds have been prepared. (Almquist and Klose ;' Thayer, 
et al.,” Fieser and Fry ;* Foster, et al.,* and Ansbacher, ef al.°). 

Supplementing our previous reports (Thayer, et al.),° we have 
assayed 2-methyl-1,4-naphthoquinone and several closely related 
water-soluble compounds by different methods in order to determine 
their respective potencies. Originally our products for assay were 
administered orally but recently the realization that the potencies by 
parenteral administration might be very different has led us to 
employ intravenous injection. Compounds which are active orally 
might be inactive parenterally due to their avoidance of the enzymes 
of the gastro-intestinal tract or to their too rapid excretion by the 
kidneys. 

The potencies have been estimated from a comparison of the 
effects of the compounds under investigation and 2-methyl-1,4- 
naphthoquinone on the, (1) mean prothrombin time, (2) mean 
clotting time, and, (3) percentage of positive responses." Each 


* We wish to acknowledge financial assistance from the Theelin Fund adminis- 
tered by the Committee on Grants for Research of St. Louis University. 

1 Almquist, H. J., and Klose, A. A., J. Am. Chem. Soc., 1939, 61, 1611. 

2 Thayer, S. A., Binkley, S. B., MacCorquodale, D. W., Doisy, E. A., Emmett, 
A. D., Brown, R. A., and Bird, O. D., J. Am. Chem. Soc., 1939, 61, 2563; Doisy, 
E. A., MacCorquodale, D. W., Thayer, 8. A., Binkley, 8. B., and McKee, R. W., 
Science, 1939, 90, 407. 

3 Fieser, L. F., and Fry, E. W., J. Am. Chem. Soc., 1940, 62, 228. 

4 Foster, R. H. K., Lee, J., and Solmssen, U. V., J. Am. Chem. Soc., 1940, 
62, 453. 

5 Ansbacher, S., Fernholz, E., and Dolliver, M. A., Proc. Soc. Exp. Bion. anp 
Mep., 1940, 43, 652. 

6 Thayer, S. A., Cheney, L. C., Binkley, S. B., MacCorquodale, D. W., and 
Doisy, E. A., J. Am. Chem. Soc., 1939, 61, 1932. 

7 Thayer, S. A., McKee, R. W., Binkley, S. B., MacCorquodale, D. W., and 
Doisy, E. A., Proc. Soc. Exp. Bion. AnD Mep., 1939, 41, 194. 
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assay has been controlled by an accompanying assay of a standard 
substance (usually 2-methyl-1,4-naphthoquinone) on the same lot 
of deficient chicks to eliminate the variation in deficiency found in 
different groups of chicks. 

The basal diet used in all of our experiments is the one described 
by Almquist. 

Assays—The compounds were dissolved in 0.85% NaCl solu- 
tion. The chicks were slightly anesthetized with ether and the 
solution was injected directly into the jugular vein of the chick 
(0.1 cc of solution). Bleeding was minimized by the use of a fine 
needle (27 gauge) and by entering the vein through the subcutaneous 
tissues. Eighteen hours after the injection blood was drawn from 
the brachial vein into a small tube (micro test tube of Fischer )§ 
and placed at once in a thermostat adjusted to 38.5-39.5°C and 
the time for coagulation determined. The chick’s head was clipped 
off with scissors and 1.8 cc of blood collected in a vial containing 
0.20 cc of 0.1 M sodium oxalate solution. The method of Almquist 
and Klose® was used for determining prothrombin time. 

Early in our work on Vitamin K, we realized that the variability 
of the degree of deficiency of different lots of chicks (see values for 
the controls Table I) could produce gross inaccuracies in the bio- 
assay. Originally we standardized the deficiency of each lot of 
chicks by determining the response to 2 different dosages of a stock 
solution which had been obtained from alfalfa. Later,” we suggested 
the adoption of pure crystalline 2-methyl-1,4-naphthoquinone as 
the basic standard. The variability of the response of these lots of 
chicks (1, 3 and 6) to the administration of 0.96 wg of 2-methyl-1, 
4-naphthoquinone (Table I) emphasizes the necessity of ascertain- 
ing the response of each lot of chicks to a standard. 

On a weight basis, 1,4-dihydroxy-2-methylnaphthalene mono- 
succinate, 4-amino-2-methyl-l-naphthol and 4-amino-3-methyl-1- 
naphthol administered intravenously are, perhaps, slightly less 
active than 2-methyl-1,4-naphthoquinone; on a molar basis all are 
fully as active. The potency of the disulfate on a weight basis is 
somewhat less than one-sixth and ona molecular basis approximately 
one-third that of 2-methyl-1,4-naphthoquinone. 

Summary. Using intravenous administration it has been found 
that on a molecular basis the potencies of all the compounds with 


8 Fischer, A., Pfluger’s Arch. ges. Physiol., 1930, 225, 737. 
9 Almquist, H. J., and Klose, A. A., Biochem. J., 1939, 33, 1055. 
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the exception of the disulfate are approximately equal to that of the 
standard, 2-methyl-1,4-naphthoquinone. The disulfate is about one- 
third as potent on a molecular basis, but owing to the much 
larger molecular weight its activity per milligram is somewhat less 
than one-sixth that of 2-methyl-1,4-naphthoquinone. 
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Riboflavin Determinations on Normal Liver and Liver Tumor. 


HERBERT KAHLER AND Everett F. Davis. (Introduced by Carl 
7 WE 
Voegtlin. ) 
From the National Cancer Institute, U. 8S. Public Health Service. 


It was decided to use a fluorometric method in making quantitative 
estimations of riboflavin from fresh liver tissue after several checks 
had been run against the Snell and Strong method.* The fluoro- 
metric method here used is first to determine the total fluorescence, 
then eliminate the riboflavin by raising the alkalinity to pH 11 and 
determining the “interfering” fluorescence. The difference between 
these two values gives the approximate riboflavin value. The 
fluorescence was measured with a photocell using suitable optical 
filters. 

Liver tumors from Osborn-Mendel rats which had been fed 
2-amino 5-azo toluene for a long period were used. These animals 
were kindly put at our disposal by Dr. E. Emmart. Samples of liver 
which had been perfused with saline were ground with n/10 HCl, 
autoclaved for 15 min. and clarified by precipitation at pH 5-6, fol- 
lowed by filtering through No. 42 paper. Recovery of added ribo- 
flavin was about 97% by this fluorometric method. 

Some of the material was given a short low temperature drying by 
the lyophile process eliminating most of the water. The data in the 
tables indicate that the difference between normal and tumor liver is 
not due to water content. 

Comparisons were made between normal livers from normal rats, 
nontumor bearing liver from dye-fed rats, liver tumors from dye-fed 
rats, residual liver from which the tumor had been excised, fetal liver, 
and leg muscle. In the case of a general riboflavin deficiency it would 
be expected that lower riboflavin values for the muscle would be ob- 


* Made by Drs. Isbell and Wooley of the National Institute of Health. 
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TABLE I. 
Riboflavin Concentration in Micrograms per Gram of Fresh Tissue. 
v/s 
as ar vee 
Histologic Liver Leg muscle, 
Rat No. diagnosis on liver Tumor residue y/f 
i Tumor (no diagnosis) 8 16 
2 fh 7 ve 12 15 
3 Carcinoma 11 15 
4 Pooled carcinoma, hepatoma 16 16 
5* Carcinoma, Region [{ A 15.7 2.52 
+B 13.2 
[Cc 18.6 
Gr Hepatoma 19.2 20.7 
7 4 21.3 21.3 
8 ae 16.9 24.7 
3 oe , carcinoma 22.2 22.2 80 
10 4) , cirrhosis si 29.8 2.95 
sis ie , carcinoma 
+ cirrhosis 26.8 27.95 2.56 
Dye fed; no tumors y/k 
12 Cirrhosis 26.14 Dell 
13 2 (slight ) 27.84 2.9 
14 e a 29.8 3.3 
15 22 31.04 
16 ca 34.0 2.1 
abi Essentially normal 35.7 
Normal rats, normal diet 
18 Normal 25.0 
19 25.5 
20 25.85 
21 28.6 
22 30.8 
23 30.9 
24 39.0 
25 Normal fetal liver 4.7 
26 2) Mies he) 6.3 


*Large amount of blood in tissue. 


TABLE II. 
Riboflavin Concentration in Micrograms per Gram of Dried Tissue. 


7/8 
y/2 wet wt 
Rat No. Histology dry wt (eale.) 
27, 28 Pooled material, carcinoma 
29, 30 and hepatoma 58.9 14.9 
31 Pooled hepatoma, carcinoma 
and cirrhotic liver 59.4 15.0 
32 Normal 106.6 29.0 
33 ” 106.8 29.0 


tained. A value of 1.4 y is reported’ for adult rat muscle on a de- 
ficient diet. 
1 Fraser, H., Topping, N., and Isbell, H., Public Health Rep., 1940, 55, 280. 
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In the absence of any other criteria the estimation of “malignancy” 
was based solely on histologic grounds. The term hepatoma was used 
to denote growths which reproduced the normal liver structure so 
closely that there was no histologic indication of “malignancy”. On 
the other hand certain of these tumors manifested such extreme 
degrees of deviation from normal liver cell structure and architecture 
that they were termed carcinomas to denote their malignant histologic 
appearance. 

The following conclusions may be drawn from these results: 

1. The average value for normal and cirrhotic livers of 30.1 
(age 256 to 550 days) agrees with Fraser, Topping and Isbell’s* 
values for considerably younger rats of 33 y (age 130 days). 

2. Continuously dye fed rats with cirrhosis not developing gross 
tumors gave normal riboflavin content for liver. 

3. Livers in which tumors had developed gave a lower value 
per gram of fresh tumor tissue and per gram of residual tissue than 
normal liver. 

4. On the basis of lyophilized dry weight normal liver is con- 
siderably higher in riboflavin concentration than tumor material. 

5. The muscle values indicate that the animal is not suffering 
from a general riboflavin deficiency. 

These results are consistent with the earlier findings’ that lactic 
acid accumulates in various tumors especially following large sugar 
injections. According to current views® pyruvic acid which is 
formed from sugar break down is normally oxidized to CO, and 
H,O through molecular oxygen and the flavoprotein-cytochrome 
enzymes. With a deficient oxygen and/or enzyme concentration 
the pyruvic acid is converted to lactic acid giving tumors a low pH. 
In this connection see the recent finding of low coenzyme in tumor‘ 
and the high ratio of reduced to oxidized cozymase in Jensen sar- 
coma.” 


The histologic diagnoses were made by Drs. H. L. Stewart and 
Hugh G. Grady. 


2 Voegtlin, C., Fitch, R., Kahler, H., Johnson, J. M., and Thompson, J. W., 
Nat. Inst. Health Bull., No. 164, 1985. 

3 Erie Ball, Johns Hopkins Hosp. Bull., 1939, 65, 253. 

4 Bernheim, F., and Felsovanyi, A. V., Science, 1940, 91, 76. 

° Euler, H. V., Schlenk, F., Heiwinkel, H., and Hégberg, B., Z. f. physiol. 
Chem., 1938, 256, 208. 
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Absorption of Water-Soluble Vitamin K from Intestinal Tract.*+ 


E. D. WARNER AND JOSEPH E. FLynn. 


From the Department of Pathology, State University of Iowa, Towa City, Iowa. 


Bile salts are known to be essential for the absorption of fat- 
soluble forms of vitamin K from the intestinal tract, but it is not 
known whether they are of benefit in the absorption of the water- 
soluble forms. To obtain data regarding this, we have used bile- 
obstructed rats in which the vitamin K reserves were depleted pre- 
operatively by the technic previously reported from this labora- 
tory." After ligation of the bile duct, the animals were placed on 
a diet” from which vitamin K was still more rigidly excluded. 
Within 3-4 days the prothrombin level falls into the bleeding zone. 
The subsequent rise in prothrombin, following the oral administra- 
tion of vitamin K, was used as a measure of the extent to which 
the vitamin is utilized, either with or without supplements of bile 
salts. 

Prothrombin determinations were made by the 2-stage technic 
of Warner, Brinkhous, and Smith;** bile salts (1 cc of 3% sodium 
taurocholate) and vitamin K were given through a metal tube into 
the stomach. As a source of water-soluble vitamin K, we used the 
potassium salt of the disulfuric acid ester of 2-methyl-1,4-naphtho- 
hydroquinone. Since this work was initiated the sodium salt of 
this compound was described by Fieser.’ It is apparently somewhat 
less potent® than 2-methyl-1,4-naphthoquinone, when the two 


* Aided by a grant from the John and Mary R. Markle Foundation. Funds 
foi assistance were also supplied by the Graduate College, State University of Iowa. 

+ The potassium salt of the disulfuric acid ester of 2-methyl-1,4-naphthohydro- 
quinone, used in these experiments, was prepared in November, 1939, as a part of a 
cooperative program in which a series of compounds of this type was synthesized 
by George H. Coleman, J. J. Carnes and D. W. Kaiser of the Department of 
Chemistry, State University of Iowa. 

1 Flynn, Joseph E., and Warner, E. D., Proc. Soc, Exp. Biot. AnD MEp., 1940, 
43, 190. 

2 Tidrick, Robert T., Joyce, Frank T., and Smith, H. P., Proc. Soc. Exp. Brot. 
AND MEp., 1939, 42, 853. 

3 Warner, E. D., Brinkhous, K. M., and Smith, H. P., Am. J. Physiol., 1936, 
114, 667. 

4Smith, H. P., Warner, E. D., and Brinkhous, K. M., J. Hap. Med., 1937, 
66, 801. 

5 Fieser, L. F., and Fry, E. M., J. Am. Chem. Soc., 1940, 62, 228. 

6 Ansbacher, S., Fernholz, E., and Dolliver, M. A., Proc. Soc. Exp. Bion. AN) 
Mep., 1940, 43, 652. 
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TABLE I. 
Response of Rats* to a Water-soluble Form of Vitamin K. 


Prothrombin levels (% of normal) 
= a 


2 y of 5 y of 8 y of 
Days of vitamin vitamin vitamin 
treatment daily daily daily 


Results with vitamin K plus bile salts. 


0 24 19 17 
1 14 52 avs 
2 deadt 52 78 

106 

Results with vitamin K but without bile salts. 

0 15 12 29 
1 14 16 50 
2 15 38 86 
3 OY) — 
4 68 91 


* Albino rats weighing 200 to 300 g. 

+ Autopsy showed extensive intra&abdominal hemorrhage. 
compounds are compared on a molar basis. Our own experience 
indicates that the compound is non-toxic when given orally to rats in 
doses 100 times the physiological requirements. 

Results. Table I shows typical examples of the response of K- 
deficient rats following administration of daily doses of 2, 5 and 
8 pg of the water-soluble compound. It is readily seen that bile 
salt did not appreciably modify the therapeutic efficacy of the vita- 
min. At the level of 2 wg, the prothrombin level remained in the 
bleeding zone. At the level of 5 pg, the recovery was 35-70% com- 
plete, both with and without bile salt, and with daily doses of 8 pg 
the prothrombin rose above the 75% level. 

When fat-soluble forms of vitamin K are administered to man, 
the danger always exists that the dose of bile salt will not be ade- 
quate in amount, or that the bile salt may not mingle properly with 
the vitamin following dissolution of the capsules. The oral admin- 
istration of water-soluble vitamin K, if effective in man, will elimi- 
nate this problem. It will also eliminate much of the nausea and 
vomiting produced by the bile supplements. It is obvious that when 
the acute phase of the disease subsides, bile salt should then be given 
to enable absorption of the many fat-soluble components of the diet. 
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Effect of Vitamin K on Hypoprothrombinemia of Experimental 
Liver Injury.* 


K. M. BrinkKHous AND E. D. WARNER. 
From the Department of Pathology, State University of Iowa, Iowa City. 


It has been shown that the plasma prothrombin level declines when 
the liver is injured* ** or when it is excised, either in part* or in 
toto.» ° Hypoprothrombinemia develops also with vitamin K 
deficiency. In man, the two factors are often combined and the 
response to vitamin K is commonly incomplete. In such patients, 
the extent to which vitamin K compensates for the liver injury, if at 
all, is difficult to determine. To study this question further, we 
have performed experiments to determine the influence of vitamin 
K in excess on the hypoprothrombinemia which develops following 
liver injury alone. 

Liver injury was produced in dogs (10-15 kg) by repeated ad- 
ministration of small doses of chloroform, as described previously.’ 
In each experiment, 2 dogs of the same weight were given identical 
diets (mixed table scraps) and identical doses of chloroform. In 
addition, one of the animals of each pair received a daily vitamin K 
supplement consisting of the petroleum ether extract of 200 ¢g 
alfalfa meal, emulsified in 30 cc of 2% solution of Wilson’s bile salt. 
Plasma prothrombin determinations were made by the method of 
Warner, Brinkhous and Smith.’ 

Almost identical results were obtained in each of the 4 experi- 
ments performed. Chart 1 shows a typical experiment. It is seen 
that the administration of vitamin K failed to modify in any way, 
either the fall in prothrombin with chloroform administration or 
the rise in prothrombin during the recovery period. 

In another experiment the daily vitamin supplement was started 


* Aided by a grant from the John and Mary R. Markle Foundation. Funds for 
technical assistance were supplied by the Graduate College, State University of 
Iowa. 

1 Warner, E. D., Brinkhous, K. M., and Smith, H. P., Am. J. Physiol., 1936, 
114, 667. 

2 Smith, H. P., Warner, E. D., and Brinkhous, K. M., J. Hap. Med., 1937, 
66, 801. 

3 Quick, A. J., J. A. M. A., 1938, 110, 1658. 

4 Warner, HE. D., J. Hap. Med., 1938, 68, 831. 

5 Warren, R., and Rhoads, J. E., Am. J. Med. Sci., 1939, 198, 193. 

6 Andrus, W. D., Lord, J. W., and Moore, R. A., Surgery, 1939, 6, 899. 
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The consecutive daily doses of chloroform given during the 18-day period of 
chloroform administration were 2, 2, 3, 2, 3, 2, 3, 344, 3%, 4%, 5, 5, 4, 5, 6, 6, 7 
and 6 ¢¢. 
one week prior to the beginning of chloroform administration. This 
procedure likewise had no demonstrable effect on the fall in plasma 
prothrombin. 

It is suggested that when vitamin K deficiency and liver injury 
are both present, as in many patients, administration of the vitamin 
may correct the former, but one cannot expect that an excess of the 
vitamin will compensate for the element of liver injury. 

Summary. The hypoprothrombinemia, which develops following 
liver injury (chronic chloroform intoxication), is not influenced by 
vitamin K administration. 
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Study of Certain Tissue Lipids in Generalized Lipodystrophy 
(“Lipohistiodiaresis”) .* 


ARILD E. HANSEN AND IRVINE McQuarrie. 


From the Department of Pediatrics, University of Minnesota, Minneapolis. 


An unusual opportunity to study the lipid composition of various 
tissues in an extremely rare condition, that of generalized lipo- 
dystrophy, was offered when death occurred in a 9-year-old boy in 
whom an almost complete absence of adipose tissue from the body 
had been present for the past 6 years (Case 1). In addition to this 
remarkable apparent lack of body fat, the symptom complex was 
composed of cirrhosis of the liver, chronic fibrosis of the spleen, 
pancreas and certain lymph nodes, and diabetes mellitus. Necropsy 
was begun within one hour following demise, at which time samples 
of various tissues were obtained. After being weighed, the speci- 
mens (usually about 1 g of tissue) were placed in 95% alcohol and 
allowed to stand for 24 hours. The tissues were then ground with 
sea sand in a mortar, rinsed several times with alcohol and ether, 
returned to the original flasks, and sufficient ether added to make 
approximately a 3:1 alcohol-ether mixture. The flasks were im- 
mersed in a boiling water bath for about 5 minutes and allowed to 
cool; the contents were filtered through fat-free filter paper into 
volumetric flasks, brought to volume, and stored in a refrigerator 
until analyses were made. Aliquots were measured and the fol- 
lowing procedures employed: The method of Wilson and Hansen’ 
was used for the determination of the unsaponifiable and saponi- 
fiable fractions, while the technic followed by Hansen” was used 
for the determination of the fatty acids in the acetone-insoluble 
(phospholipid) fraction and the acetone-soluble (cholesterol ester- 
neutral fat) fraction. The total cholesterol and cholesterol esters 
were determined by the procedure described by Bloor,* * the photo- 
electric colorimeter being used in obtaining the final readings. For 
the control studies, similar tissues from a 14-year-old boy dying in 


* Aided by grants from Mead Johnson and Company and the Medical Graduate 
Research Fund of the University of Minnesota. 

1 Wilson, Wm. R., and Hansen, Arild E., J. Biol. Chem., 1936, 112, 457. 

2 Hansen, Arild E., Proc. Soc. Exp. Bron. AND Mep., 1939, 40, 376. 

3 Bloor, W. R., J. Biol. Chem., 1916, 24, 227. 

4 Bloor, W. R., and Knudson, A., J. Biol. Chem., 1916, 27, 107. 
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TABLE I. ; 
Lipid Composition of Various Tissues in Child with Generalized Lipodystrophy 
(Case 1—D.Z.) and in Child with Subacute Nephritis (Case 2—G.C.). 


Perirenal Subcutaneous Liver Skin 
SSS Gi Ca 

Lipid fraction Casel Case 2 Case 2 Casel Case 2 Casel Case 2 
Unsap. fraction* 459 902 694 OT 615 306 316 
Total fatty acids 

Sap.* 452 44,610 51,144 1,490 3,156 340 10,025 

M.W. 292 — 279 294 290 276 274 

LN. 102 62 66 107 102 68 64 
Acet. Sol. F. A. 

Sap.* 214 36,075 50,076 607 1,498 209 10,034 

M.W. 268 274 278 293 281 — 274 

LN. 86 60 65 83 74 68 64 
Acet. Insol. F.A. 

Sap.* 244 Ie 309 CY ee Baye) 127 160 

M.W. 294 = — 301 296 a= = 

LN. 127 = — 123 121 —_— — 
Cholesterol 

Total* 296 242 — 893 356 162 102 

Ester* 83 194 = 329 77 29 32 
Neutral Fat F. A.* 130 44,320 50,000 360 =: 1,500 190 10,010 

(Cale.) 


*Expressed in mg per 100 g wet tissue. 


uremia from subacute nephritis (Case 2), the best available ma- 
terial at the time, were used. 


The results are summarized in Table I. 

It is readily apparent from inspection of the data in Table I that 
the total fatty acids of the various tissues are distinctly less in the 
child with the generalized lipodystrophy (Case 1) than in the con- 
trol subject (Case 2). In the perirenal tissues, the unsaponifiable 
fraction and the cholesterol esters are also less in Case 1, while the 
values for the acetone-insoluble (phospholipid) fatty acids are 
essentially the same in both cases. As regards the subcutaneous 
material, it was impossible to find any adipose tissue in Case 1 
which was suitable for analysis. In the liver, the value for the total 
fatty acids in Case 1 is but one-half that of Case 2, while the un- 
saponifiable fraction as well as the total cholesterol and cholesterol 
ester values are higher in this child with lipodystrophy. The 
acetone-insoluble (phospholipid) fatty acids in this tissue are 
definitely less in Case 1. As regards the skin, it is interesting to 
note that the values for the unsaponifiable fraction, total cholesterol, 
cholesterol esters, and the acetone-insoluble (phospholipid) fatty 
acids are essentially the same in both cases. On the other hand the 
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total fatty acid values of the skin in Case 1 are greatly diminished 
when compared with those of the control subject (Case 2). In 
spite of the great difference in the amount of fat present in this 
tissue, we find that the qualitative characteristics of the fatty acids 
as regards average molecular weight and average iodine number 
are practically the same in both instances. 

That there is a definite lack of fatty acids in these tissues be- 
comes even more striking when we consider the calculated values 
for the neutral fatty acids. These calculations disclose that the 
approximate values for the neutral fat fatty acids in the hepatic 
tissue of our control subject (Case 2) are 5 times that of those 
for the child with the generalized lipodystrophy, while those in the 
skin are 50 times that of those in Case 1. Even more striking is 
the finding that the tissues in the perirenal region of Case 2 con- 
tained almost 400 times as much neutral fat as those in Case 1. 
From these data, it appears that there is a marked lack of fatty 
material in the body of the child with generalized lipodystrophy, 
which confirms the clinical and pathological (gross and micro- 
scopic) diagnosis. Further, we may conclude that this deficiency 
apparently is specifically due to a lack of neutral fat fatty acids 
from the various tissues studied. The name “lipohistiodiaresis” 
(lack of fat in the tissues) has been suggested to describe this phase 
of the condition. 
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Increased Serum Phosphatase Activity Without Hyperbilirubin- 
emia after Ligation of Hepatic Ducts in Dogs. 


ALEXANDER B. GuTMAN, Bruce M. HocG ANnp KENNETH B. 
OLSON.* 


From the Departments of Medicine and Surgery, College of Physicians and Sur- 
geons, Columbia University, and the Presbyterian Hospital, New York City. 


In man with complete obstruction of the common bile duct, 
hyperbilirubinemia is associated with markedly increased phospha- 
tase activity of the serum. When obstruction of the common duct 
is incomplete (as frequently in choledocholithiasis, cholangeitis) or 
in intrahepatic biliary tract obstruction (hepatic metastases, etc.), 
little or no jaundice may result but the serum phosphatase is usually 


* Supported in part by a grant from the Josiah Macy, Jr., Foundation. 


614 SERUM PHOSPHATASE IN BILIARY OBSTRUCTION 


distinctly elevated. In hepatitis (‘“‘catarrhal” jaundice), even 
marked hyperbilirubinemia is associated quite regularly with com- 
paratively little rise in serum phosphatase activity.’ 

Corresponding changes in serum phosphatase have been produced 
experimentally in the dog: Ligation with complete obstruction of 
the common bile duct?** results in extremely high serum phosphatase 
levels; hepatitis produced by hepatotoxic drugs**® or by Leptospiral 
inoculation? causes increases in serum phosphatase generally consid- 
erably less than those observed after common duct ligation, though 
hyperbilirubinemia may be as marked or more marked. 

The dissociation of serum phosphatase and serum bilirubin levels 
observed clinically with incomplete obstruction of the biliary tract 
has been little studied experimentally but was reproduced by Free- 
man, Chen and Ivy* in 2 dogs following ligation of hepatic ducts 
draining approximately % of the liver. Though jaundice did not 
develop, the serum phosphatase rose to 25.8 and 37.9 Bodansky 
units per 100 cc, respectively; in the one instance followed, there 
was a spontaneous, gradual fall to almost normal levels after 2 
months. Confirmatory data are recorded here together with such 
additional studies on the urine as bear upon the interpretation of the 
blood changes. 

Methods. In 4 dogs following nembutal anesthesia, the hepatic 
ducts were identified by aspiration of bile and a variable number 
(draining 1/5, 1/4 or 1/2 of the liver) were tied off with silk. 
Periodic postoperative examinations were made of the serum for 
phosphatase (Bodansky method), total cholesterol (Bloor method ) 
and bilirubin, and of the urine for “alkaline” phosphatase (King 


1 For references and additional data see Gutman, A. B., Olson, K. B., Gutman, 
E. B., and Flood, C. A., J. Clin. Invest., 1940, 19, 129. 

* Bodansky, A., and Jaffe, H. L., Proc. Soc. Exp. Bron. anp Mep., 1934, 31, 
Ie 

3 Armstrong, A. R., King, EB. J., and Harris, R. I., Canad. M. A. J., 1934, 31, 14. 

4 Freeman, §., Cheu, Y. P., and Ivy, A. C., J. Biol. Chem., 1938, 124, 79. 

5 Armstrong, A. R., and King, EH. J., Canad. M. A. J., 1935, 32, 379. 

6 Bodansky, A., Hnzymolog., 1937, 8, 258. 

t An interesting exception is m-toluylenediamine jaundice in dogs, which is 
associated with very high serum phosphatase and cholesterol values.6 This type of 
jaundice, however, appears to be partly hemolytic, partly due to stasis of bile in 
the finer biliary radicles rather than to parenchymal injury.7 A somewhat analogous 
condition, with high serum phosphatase, is seen clinically in certain drug-hyper- 
sensitive cases of post-arsphenamine jaundice, in which liver biopsies show obstrue- 
tion of the intrahepatic biliary tract.8 

7 Naunyn, B., Mitt. Grenzgeb. Med. u. Chir., 1919, 31, 537. 

8 Hanger, F. M., and Gutman, A. B., J. A. M. A., in press. 
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and Armstrong method) and bile. The animals were sacrificed 
after 4-9 weeks and the presence of intact ligatures with dilatation 
of the proximal hepatic ducts verified at postmortem. 

Control preoperative serum and urine analyses were obtained. 
Nembutal anesthesia was found not to affect serum phosphatase 
values. Urine samples were obtained by catheter to avoid con- 
tamination with phosphatase- and bile-rich feces. 

Results. The serum phosphatase activity increased within 24 
hours after operation to reach 5-20-fold levels in 4 days and a peak 
usually between the first and second week; the maximum level 
varying with the number of hepatic ducts ligated. A spontaneous 
decline followed, with return to approximately normal levels after 
some 2 months. A roughly parallel rise in the total cholesterol 
content of the serum was noted though the return to normal was 
more rapid. No significant increase in serum bilirubin occurred 
except a transient rise to 0.5 mg % on the fourth day in Dogs 1 
and 3. Bile pigments appeared in the urine within 24 hours after 
operation and persisted for many weeks, gradually decreasing in 
amount. Significant “alkaline” phosphatase activity was not present 
in any urine specimens with the exception of small amounts in the 
urine of Dog 3. At postmortem, the liver lobes tied off appeared to 
be normal grossly and showed only slight changes histologically. 

Discussion. It is not clear whether the dissociation of serum 
phosphatase and bilirubin levels observed clinically with incomplete 
biliary obstruction and reproduced in these experiments should be 
regarded as incompatible with the “phosphatase retention” theory— 
that the increase in serum phosphatase levels in obstructive jaundice 
is due to retention of phosphatase normally excreted in the bile. One 
factor that might cause such dissociation in blood levels following 

TABLE I. 


Phosphatase Activity (P, in Bodansky units/100 ce) and Total Cholesterol (C, in 
mg/100 cc) of the Serum after Ligation of Hepatic Ducts in the Dog. 


Dog 1 Dog 2 Dog 3 Dog 4 
¥, liver ligated ‘14 liver ligated VY liver ligated ¥ liver ligated 
Time post-op. P C ie C 1B C Be C 


Pre-op 3.7 120 4.1 154 3.4 138 2.8 176 

1 day Tea lTe 

4 26.2 171 19.6 182 61.7 250 

1 wk 21.7 247 29.4 235 

13,2? 16.9 192 22.1 74.0 435 

Quy ”? 112° 117 9.9 154 49.1 268 25.1 207 

TET ER 6.8 6.8 149 28.2 13.4 205 

Be 22 4.4 14.7 195 7.8 169 

gio? 9.2 149 7.2 
4.5 a 
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bile retention would seem to be the differential excretion of bilirubin 
and phosphatase in the urine. 

In man with incomplete obstruction of the biliary tract and there- 
fore only moderate retention of bile, urinary excretion of bile pig- 
ments may increase sufficiently to maintain the patient virtually 
free of jaundice. The human kidney is impermeable to serum 
phosphatase, however, and this difference in available excretory 
channels appears to be partly responsible for the observed disso- 
ciation of serum phosphatase and bilirubin levels. In the dog, the 
blood and urine studies recorded here suggest that the same fac- 
tors are €esponsible for the analogous dissociation in serum levels. 
By varying the number of hepatic ducts tied off, a positive corre- 
lation between the serum phosphatase level and the degree of ob- 
struction could be demonstrated. The serum phosphatase values in 
our dogs are relatively high as compared with man but this cor- 
responds with the extraordinarily high values in dogs with com- 
plete biliary obstruction; the serum bilirubin levels are relatively low, 
due to the greater clearance of the dog kidney. In the caf, on the 
other hand, “‘alkaline’’ phosphatase as well as bilirubin appears in 
the urine’ and complete obstruction of the common bile duct re- 
sults in comparatively little rise in either serum phosphatase or 
bilirubin.”° 

Factors other than differential renal excretion may contribute to 
the dissociation of serum phosphatase and bilirubin levels following 
bile retention since their level in the serum represents a quite com- 
plex dynamic equilibrium between the rate of secretion into the 
blood stream and the rate of excretion (by one or more channels), 
metabolism or deposition in the tissues. Though not open to direct 
measurement, the important influence of these latter factors on the 
serum phosphatase level is indicated by the wide range in serum 
phosphatase values in man with complete common duct obstruc- 
tion.1£ 

We conclude that the occurrence of increased serum phosphatase 
activity with little or no jaundice following incomplete biliary tract 


9 Flood, C. A., Gutman, E. B., and Gutman, A. &33 Am. J. Physiol., 1937, 120, 
696. 

10 Cantarow, A., Stewart, H. L., and McCool, 8. G., Proc. Soc. Exp. Bron. AND 
MeED., 1936, 35, 87. 

+ We are concerned here only with inecmplete biliary obstruction, not with liver 
parenchymal injury as a cause of dissociated blood values. Bodansky has shown6,11 
that in the latter case there is selective impairment of different liver functions by 
various hepatotoxie drugs. 

11 Bodansky, A., Proc. Soc. Exp. Bion. AND MeEp., 1939, 42, 800. 
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obstruction is not inconsistent with the “phosphatase retention” 
theory. As to whether the increased serum phosphatase is of 
hepatic or osseous origin, our results do not exclude the one or the 
other possibility since occlusion of the excretory biliary channels 
would tend to cause retention of bile constituents of both hepatic 
and extra-hepatic origin. 

Summary. Ligation of hepatic ducts in 4 dogs resulted in in- 
creased phosphatase but not bilirubin in the serum, increased bilirubin 
but not phosphatase in the urine. The dissociation in the blood is 
thought to be due largely to differential renal excretion and to be 
consistent with the “phosphatase retention” theory. 
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Breast Cancer Produced in Male Mice of the C57 (Black) 
Strain of Little. 


Gray H. Twompsry. (Introduced by C. P. Rhoads.) 
From Memorial Hospital, New York City. 


Bittner? has shown that hybrids from a cross between a mouse 
from a strain having a high incidence of mammary cancer and one 
from a low tumor strain have a high or low incidence of breast 
cancer depending on what type of mother they nurse. If the 
nursing mother comes from the strain having the high incidence of 
spontaneous tumors, a large percentage of the female hybrids will 
develop mammary cancer. If they are nursed, on the other hand, 
by a female from the low tumor strain, very few will develop breast 
cancer. Female mice from a high cancer strain nursed by their 
own mothers have a high incidence of mammary cancer while if 
they are foster-nursed by a mouse from a low tumor strain the 
chance that they will develop breast cancer will be materially reduced. 
_ An attempt was made to confirm this observation on a different 
strain of animals. Mice of the RIII (Paris) strain of Dobrovol- 
skaia Zavadskaia were given to a female of the C57 (black) 
strain of Little to nurse while the young of the latter were given to 
the RIII mother. The RIII females have an incidence of spon- 
taneous mammary cancer of 70% in virgin females. The incidence 
in C57 black females is less than 1%. The incidence of breast 


1 Bittner, J. J.. Am. J. Ca., 1939, 35, 90. 
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cancer occurring in these 2 groups of animals appears to confirm 
Bittner’s observations but the number of animals is as yet not very 
statistically significant and consequently will be reported later in 
another place. 

Since litters were shifted within less than 12 hours of birth 
when the sex was often hard to determine, many males which had 
been foster-nursed by mothers of the other strain became available. 
It has been proved? that male mice of a strain showing a high 
incidence of spontaneous breast cancer in the females will develop 
cancer more quickly than their littermate sisters if a crystal of 
oestrone weighing 0.1 mg is implanted in them subcutaneously on 
the tenth day after birth. Because this procedure was easy and the 
mice were available the C57 males nursed by RIII females were so 
treated. 

Many animals have been used, a fair proportion of which have 
died of hyperestrinism before they were old enough to show tumors. 
Some are still too young for tumors to have developed. Nine 
males so treated have had spontaneous mammary cancer, 8 of which 
have been proved histologically. The ninth died in the night and 
was eaten by his cage-mates before morning. The earliest tumor 
appeared at 714 months after birth in a mouse implanted with 0.18 
meg of crystalline oestrone. The oldest mouse to develop a tumor 
did so 11 months after birth after a dose of 0.09 mg of oestrone. 
The average age at which tumors appeared was 9 months. So far 
27 animals have lived 9 months or longer or have developed tumors 
before the ninth month. Fourteen of these animals are still alive. 
In this small series then we may say that by foster nursing C57 
black male mice with RIII (Paris) mothers and implanting them 
at 10 days of age with a crystal of oestrone weighing 0.07 to 0.18 
mg, 9 out of 27, or 33%, have developed breast cancer. 

This observation assumes greater importance when one con- 
siders that mammary cancer has not been observed previously in 
C57 black male mice. Haagensen in a personal communication 
reports the treatment of 107 males with maximal doses of oestrone 
benzoate in oil twice a week from 10 days of age to death without 
producing a single tumor. Gardner has had 3 tumors in 250 mice 
treated. It would seem that breast cancer in the animals reported 
in the present communication is due not only to hormonal stimu- 
lation of the male breast tissue but to some agent or influence 
transmitted in the mother’s milk other than oestrogenic substances. 


2 Twombly, G. H., Proc. Soc. Exp. Bron. AnD Mep., 1939, 40, 430. 
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Production of Gastric and Duodenal Ulcers in the Cat by 
Intramuscular Implantation of Histamine.* 


STEWART H. WaLpote, RicHarp L. Varco, CHArLEs F. CopE 
AND OWEN H. WANGENSTEEN. 


From the Departments of Surgery and Physiology, University of Minnesota 
Medical School, Minneapolis, Minnesota. 


The finding of Code and Varco' that prolonged stimulation of 
gastric secretion could be obtained by the injection of a histamine 
beeswax mixture into dogs offered a means of testing whether en- 
dogenous gastric secretion could produce ulcers of the stomach or 
duodenum. Cats were chosen for this investigation, because it had 
been found in a recent study in this laboratory that these animals 
developed erosions and ulcerations of the stomach and duodenum 
quite readily when 0.4% hydrochloric acid was instilled daily into 
the stomach through a fistula (Walpole). It seemed possible that 
a profitable comparison might be made between ulcer production in 
response to endogenous and exogenous acid. 

Experimental Procedure. The problem was approached by first 
studying the effects of single injections of the histamine beeswax 
mixture on gastric secretion and then observing the effects pro- 
duced by chronic histamine administration. The effect of the his- 
tamine beeswax mixture upon gastric secretion was studied in 3 
cats with a standard type of gastrostomy. 

Controls. Control observations were made with 2 of these 
animals some days prior to the injections of histamine. The con- 
tinuous secretion of the fasting stomach was collected every 8 hours 
for 24 hours. Several days later each cat was given an intra- 
muscular injection of plain beeswax mixture equivalent in amount 
to that in a dose of the histamine beeswax mixture and the con- 
tinuous gastric secretion was collected every 8 hours for 24 hours. 
In addition, in 3 control cats beeswax alone was implanted daily 
intramuscularly over periods varying from 8 to 23 days. In each 
instance, the cat gained weight and its general health appeared 


* This research was supported by grants from the Committee on Scientific 
Research of the American Medical Association (grants 526 and 556) and by a 
grant from the Graduate School of the University of Minnesota; also by a grant 
for technical assistance by the Work Projects Administration, Official Project No. 
665-71-3-69, Sub-project 258. 

1 Code, C. F., and Varco, R. L., Proc. Soc. Exp. Bron. AND Mep., 1940, 44, 475. 
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satisfactory. One of these cats was killed and subjected to a care- 
ful necropsy. There was no ulcer. The other cats continued in 
good health. During the period of this study, 13 cats kept in the 
laboratory for other purposes have been subjected to necropsy. No 
ulcers were found. The cat has been used periodically as an ex- 
perimental animal in the surgical laboratory over a period of years. 
No spontaneous ulcers have been observed. 

Method. The acidity of the gastric juice was determined by 
colorimetric titration. In both groups the quantity of secretion 
obtained and the maximum free acidity produced were considerably 
lower than that following stimulation with histamine in beeswax. 
The maximum free acidity of the gastric juice following adminis- 
tration of plain beeswax was 48 clinical units, and of 6 samples 
collected 3 had no free acid. The maximum free acidity attained 
by the fasting stomachs was 66 clinical units, and of 6 samples 
collected 3 contained no free acid. The experiments indicate that 
plain beeswax in the dose given had no effect upon gastric secretion. 

As a routine, the dose of histamine used in the beeswax mixture 
was 20 mg of the free base. This was injected in divided portions 
into the muscles of the back. In the cats with gastric fistulae, 
following administration of this dose, either fractional samples 
were collected or the entire continuous secretion was taken at hourly 
intervals for 24 hours. Food was withheld for 24 hours preceding 
injection. As in the dog (Code and Varco) there was a constant 
copious secretion of gastric juice. After a short lag during the first 
hour, the free acid rose to values of more than 100 clinical units 
but usually fell later to a somewhat lower range. In only 2 samples 
of 108 collected was free acid absent. 

To determine the effect of this prolonged abundant flow of gas- 
tric juice with high free acidity upon the stomach and duodenum, 
7 healthy cats weighing 4 to 8 lb were given each a daily dose of 20 
mg of histamine in beeswax injected intramuscularly. The animals 
were fed each morning and the injections made several hours later. 
Adequate fluids were supplied by subcutaneous administration of 
normal saline solution. The animals were sacrificed when they ap- 
peared obviously ill, or refused food on 2 successive days, or after 
blood was noted in several specimens of vomitus. 

Histamine in beeswax frequently produced no obvious reaction, 
but occasionally the injection was followed immediately by a typical 
chain of symptoms. This consisted of restlessness, increased respi- 
rations, and vomiting associated often with salivation and passage 
of a loose stool. The occurrence of these symptoms seemed to 
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depend more upon the batch of histamine mixture used than upon 
the individual animals. Recently, with increased experience in 
preparation of the material, reactions have been less frequent. In 
all animals, however, vomiting occurred some time during the course 
of injections and when not associated with the immediate reaction 
took place several hours after the injection. The vomitus usually 
contained free acid. 

These 7 cats receiving the histamine beeswax mixture were sac- 
rificed at periods ranging from 3 to 25 days after beginning the 
injections, the total amount of histamine given ranging from 60 to 
480 mg. At necropsy there were erosions or acute ulcers of the 
stomach or duodenum, or both, in all animals. Two cats had lesions 
of the duodenum only, 2 had lesions of the stomach only, and 3 had 
lesions of both stomach and duodenum. In 3 animals there were 
perforated ulcers, two in the duodenum and one in the stomach. 
Gastric lesions were limited to the antrum. It seemed obvious that 
the animals had been sacrificed at various stages of ulcer formation. 

Comment. Histamine in beeswax prepared according te the 
method of Code stimulated a sustained copious flow of gastric juice 
containing free acid when injected intramuscularly into cats. Re- 
peated injections of histamine in saline solution have been reported 
as failing to produce ulceration in the gastro-intestinal tract in the 
dog* and also in the cat.* Repeated single daily doses of histamine 
in beeswax in this study were effective in the cat in producing ero- 
sions and all stages of ulceration including acute perforation. In 
one dog tested, ulceration occurred in the duodenum.} These find- 
ings suggest the importance of the gradual liberation of histamine 
from beeswax in maintaining a constant and fairly uniform stimula- 
tion of gastric secretion, as opposed to the intermittent stimulation 
afforded by periodic injections of histamine in watery solution. 


2 Orndorff, J. R., Bergh, George S., and Ivy, A. C., Surg. Gynec. Obstet., 1935, 
61, 162. 

3 Heinlein, H., and Kastrup, H., Z. f. d. ges. exp. Med., 1938, 102, 517. 

+ Since this paper was written intramuscular implantation of histamine has been 
done in an additional cat and in another dog. Both animals were killed and 
autopsied when it was apparent that they were ill. The cat had a large ulcer in 
the fundus 12 days after the administration of histamine was begun. The dog had 
a small ulcer .5 cm in diameter in the first portion of the duodenum 4 days after 
histamine administration was begun. 
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Relationship Between Insulin Dosage, Duration and Degree of 
Hypoglycemia and Production of Brain Damage.*; 


Davip B. TYLER AND EUGENE ZISKIND. (Introduced by D. R. 
Drury. ) 


From the Department of Medicine, School of Medicine, University of Southern 
California. 


This report deals with the relation of insulin dosage, duration 
and degree of the ensuing hypoglycemia, and the resulting brain 
damage produced. Observations of a paradoxical reaction with 
insulin are also recorded. 

It is well established from the work of Scott and Dotti,’ Zucker 
and Berg,’ and many others, that from 20 to 60 minutes after the 
injection of insulin, the blood sugar reaches its lowest level and 
remains there with minor fluctuations for a period depending upon 
the amount of insulin given. With insulin doses such as we used, 
of from 10 to 20 units per kilo of bodyweight, the hypoglycemia 
persists from 10 to more than 24 hours. However, independent 
of the hypoglycemia certain clinical symptoms occur which indicate 
a progressive loss of function, in a phylogenetic order, from the 
higher cortical areas to the lower or medullary centers.*° In this 
connection, Frostig* described 4 stages of hypoglycemia in man 
after large doses of insulin, based on impairment of the function of 
(1) cerebral cortex, (2) basal ganglia and thalamus, (3) mid- 
brain, and (4) medulla. In our previous report,’ certain interest- 
ing data became apparent bearing on the problem of insulin dosage 
in relation to brain damage. 

The method used has been described in a previous report.’ 
Briefly stated, doses of insulin were given subcutaneously to cats 
fasted 18 hours and not previously treated with insulin. Complete 


* Insulin was kindly furnished by Eli Lilly & Co. 

t We are indebted to Dr. C. H. Thienes of the Department of Pharmacology for 
the use of laboratory space and many helpful suggestions. 

1 Scott, E. L., and Dotti, L. B., Arch. Int. Med., 1932, 50, 511. 

2 Zucker, T. F., and Berg, B. N., Am. J. Physiol., 1937, 119, 531. 

3 Angyal, L. V., Z. Neur. and Psychiat., 1987, 157, 35. 

4Frostig, J. P., Arch. Neur. and Psychiat., 1938, 39, 219. 

5 Himwich, H. H., Frostig, J. P., Fazekas, J. F., and Hadidian, Z., Am. J. 
Psychiat., 1939, 96, 371. 

6 Ziskind, E., and Tyler, D. B., in preparation. 

‘ Ziskind, E., and Tyler, D. B., Proc. Soc. Exp. Bion. aND Mep., 1940, 48, 734. 
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quarter-hour notations of the neurological state of the animal were 
made. When the animal showed signs of critical medullary decom- 
pensation, small amounts of glucose (100-200 mg) were given in- 
traperitoneally as needed, in order to restore the circulation, pulse 
and respiration, but still maintain a severe hypoglycemia. The hypo- 
glycemia was terminated after 9 to 20 hours with glucose. We con- 
sidered those animals had brain damage which showed the irre- 
versible clinical symptoms of ‘‘decortication” and “decerebration” 
described elsewhere." In this report when we describe a “stage” of 
hypoglycemia such as the ‘medullary stage,” we refer to the neuro- 
logical symptoms at that time. 

1. The Relation Between Insulin Dose and Incidence of Brain 
Damage. Column III of Table I shows that the greater the dosage 
the greater the incidence of residual brain damage. In animals 
receiving 10, 15 and 20 units of insulin per kilo, the incidence of 
brain damage was respectively 30%, 33%, and 62%. These results 
cannot be correlated with the duration of hypoglycemia or the period 
of coma (columns IV and V). These findings correspond to those 
previously reported by Yannet.® 


TABLE I. 
u II ai IV Vv 
Time before Incidence of 

Insulin myoclonic residual brain Hr of Hr 
dose jerks damage hypoglycemia coma 

20 u./kg 4.16 (20) 62% (13) iil 7 

15 u./kg 3.67 (43) 33% (33) 13 9 
10 u./kg 3.28 (20) 30% (20) 7.5 4.5 


Less than 5 u./kg 2.24 (12) — oo 


Number in parenthesis indicates number of animals. 


2. The Relation of Duration of Medullary Stage to Brain Dam- 
age. Residual brain damage did not occur in our series irrespective 
of the dose of insulin unless the animal was in the “medullary stage” 
for not less than 100 minutes. This medullary stage (Stage IV of 
Frostig) is characterized by pin point pupils, bradycardia, respira- 
tory irregularities especially Cheynes-Stokes respiration, flaccidity, 
and finally symptoms of circulatory collapse. However, the time 
that the animal must be kept in this stage to produce brain damage 
varies indirectly with the body temperature of the animal. These 
findings do not lend support to the thesis that insulin per se is toxic 
to the brain cell. 

3. Paradoxical Relation of Increasing Dose of Insulin and Dis- 
appearance of Cerebral Functions. The larger the dose of insulin 


8 Yannet, H., Arch. Neur. and Psychiat., 1939, 42, 395 


624 ELIMINATION OF METRAZOL 


(within the limits of our experiments) the longer the latent period 
before cortical functions disappear, as gauged by the loss of con- 
sciousness and the time of appearance of the first myoclonic jerks. 
(Column II of table.) The average time of appearance of the first 
myoclonic jerks in cats receiving 5 u/kg or less was 2.24 hours, 
10 u/kg 3.28 hours, 15 u/kg 3.67 hours, and 20 u/kg 4.16 hours. 
Weare unable to suggest the reason for this reaction. 

Conclusions. 1. The larger the dose of insulin the greater the 
incidence of brain damage. However, irrespective of the insulin 
dose, brain damage did not occur in our animals unless they were 
kept in the “medullary stage’ of hypoglycemia for at least 100 
minutes. 2. In cats, not previously treated with insulin, the larger 
the dose the longer time it took for the appearance of neurologic 
signs of hypoglycemia. 
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Elimination of Metrazol. 


J. M. DiLtie anv Victor P. SEEBERG 


From the Department of Pharmacology, College of Pharmacy, University of 
Washington, Seattle, Washington. 


Pharmacological and clinical evidence points to the fact that 
metrazol is very rapidly detoxicated in the body. The intravenous 
administration of a convulsive dose produces typical clonic convul- 
sions from which the animal rapidly recovers. 

There is a possibility that the metrazol might be excreted by the 
kidneys, and so our first step consisted in eliminating this possibility. 
Chemical analysis of the urine of cats receiving convulsive doses 
of metrazol showed none of the drug to be present in the urine. 
Bilaterally nephrectomized cats showed the same reaction to a con- 
vulsive dose of metrazol.as they did before the performance of the 
nephrectomy. Hinsberg has shown that practically no metrazol is 
excreted by the intestinal route. It therefore seems logical that 
metrazol is not excreted but is detoxified. 

The liver has generally been assumed to be the locale for drug 
detoxication. We therefore administered phosphorus to cats. Cats 
treated in this way died from the administration of a dose of metra- 
zol which formerly produced only slight convulsions. The role of 
the liver was further tested by a comparison of the dose required to 
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produce convulsions when the drug was infused into the marginal 
ear vein or the portal vein of rabbits. In all cases a larger amount 
was required to produce convulsions when administered by the 
portal route. This evidence seems to establish the fact that metrazol 
is detoxified rather than excreted and that the liver plays an im- 
portant role in the detoxication process. 
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Coronary Occlusion. II. Efficacy of Papaverine Hydrochloride in 
Treatment of Experimental Cardiac Infarction. 


ALAN LEsLIE, MICHAEL G. MULINOS AND Wrrr S. Scott, Jr. 


From the Department of Pharmacology, College of Physicians and Surgeons, 
Columbia University, New York City. 


Papaverine has been suggested repeatedly as a drug of therapeutic 
value in the treatment of coronary artery disease.-* This recom- 
mendation has been based on the thesis that the vaso-dilator action 
of papaverine would increase local blood flow. The anginal attack 
is thus relieved, or the ultimate size of the myocardial scar is mini- 
mized as a result of the improved nutrition. 

Allen and MacLean* stated that the pain in peripheral arterial 
embolization is due not only to the presence of the embolus, but also 
to the attendant widespread reflex vascular spasm. The extensive 
ischemia that they observed was more marked than could be 
accounted for by the occlusion of the main vessel alone. In arterial 
embolization papaverine is said to have effects analogous to sym- 
pathectomy, t.e.—relaxation of the vaso-spasm. The use of papav- 
erine has been suggested also in cerebral, pulmonary and mesenteric 
occlusion.** Mulinos, Shulman and Mufson® found that vaso- 
spasm of Reynaud’s disease was relieved by large doses of papav- 
erine hydrochloride intravenously, doses which did not lower the 
blood pressure but which resulted in a moderate acceleration of the 
heart rate.© Gruber and Robinson’ noted that papaverine in small 


1 Semler, R., Med. Welt., 1928, 2, 335. 

2Neu, J., Therap. d. Gegenw., 1927, 68, 564. 

3 De Takats, G., J. A. M. A., 1936, 106, 10038. 

4 Allen, E. V., and MacLean, A. R., Proc. Staff Meet. Mayo Clinic, 1935, 10, 216. 
5 Mulinos, M. G., Shulman, I., and Mufson, I., Am. J. Med. Sci., 1939, 197, 793. 
6 Mulinos, M. G., and Shulman, I., J. Pharm. Lup. Therap., 1939, 66, 27. 

7 Gruber, C. M., and Robinson, P. 1., J. Pharm. Exp. Therap., 1929, 8%, 429. 
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doses caused an increase in the height of the contractions in the iso- 
lated perfused terrapin heart. Macht* observed that small doses 
caused slowed, more powerful contractions of the isolated frog’s 
heart. 

Coronary occlusion, whether due to embolus, spasm, or ligation, 
results in a central area of almost complete ischemia which is sur- 
rounded by a halo of myocardial edema and reflexly spastic vessels. 
These peri-infarctial coronary vessels are of importance because they 
supply blood to the adjacent myocardium and also because they 
are potential anastomotic connections with the infarcted area 
(Wearn®). It is to be expected, therefore, that vasodilators which 
decrease the vaso-spasm should prove beneficial by increasing the 
anastomotic circulation, and also by lessening the peri-infarctial 
edema, thus diminishing the ultimate size of the infarct. No experi- 
mental work has been done in support of the contention that 
papaverine exerts such a beneficial effect on the course of occlusive 
coronary disease. The present study attempts to determine the effect 
of papaverine upon the size of an experimentally produced myo- 
cardial infarct. Gold, Travell and Modell*® and Fowler, Hurevitz 
and Smith” have made similar studies employing aminophylline as 
the vasodilator. 

Method. Using the method described previously,” the left branch 
of the left anterior descending coronary artery was ligated asep- 
tically in 22 cats under sodium pentobarbital anesthesia. An 
attempt was made to tie the vessel at the same point in each animal. 
Standard 3 lead electrocardiograms, white and differential blood 
counts, and determinations of the sedimentation rate were made 
pre-operatively, and at intervals in the post-operative life of the 
cats. Following the ligation alternate cats received 5 mg per kilo 
of papaverine hydrochloride (1 cc = 30 mg)* intramuscularly twice 
a day for a period of 2 weeks (Sundays excepted). The interval 
cats were kept as controls and were treated analogously except for 


the injections. All the cats remained in good condition until they 
were sacrificed. 


8 Macht, D. I., Arch. Int. Med., 1916, 17, 786. 
9 Wearn, J. T., Harvey Lecture, 1940. 
10 Gold, H., Travell, J., and Modell, W., Am. Ht. J., 1937, 14, 248. 
11 Fowler, W. M., Hurevitz, H. M., and Smith, F. M., Arch. Int. Med., 1935, 
56, 1242. 
12 Scott, W., Leslie, A., and Mulinos, M. G., Am. Ht. J., 1940, 19, 719. 
* Generously contributed by Eli Lilly and Company. 
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TABLE I. 
Infarct Size and Its Relation to Age of Infaret and Administration of Papaverine. 
Treated cats Untreated cats 
a aN a aN 
Cat Infarct area, Cat Infaret area, 
No. Days em2 No. Days em2 
18 if 0.88 9 24 1.33 
29 7 3.19 5 27 1.59 
25 14 3.76 3 2 1,62 
16 15 2.24 12 29 1.22 
13 20 1.76 27 30 0.55 
26 20 1.52 10 30 2.06 
6 21 2.91 otal 30 1.30 
14 21 0.80 7 33 1.07 
4 29 3.64 8 44 2.15 
19 101 0.39 9 47 1.58 
10 50 4.40 
21 56 None seen 
10 Avg 25.5 Avg 2.11 ¢ = 0.363 12 Avg 35.7 Avg 1.57 ¢ = 0.324 


From 6 to 102 days after operation, the cats were killed by the 
intravenous injection of chloroform. The hearts were excised, 
the infarct delineated with ink and a contact tracing of each infarct 
was made. The areas of the tracings, shown in Table I, were deter- 
mined by means of a planimeter. There is no obvious correlation 
between the size of the infarct and its age. 

Results. The treated cats experienced some immediate pain from 
the injection of the papaverine hydrochloride, which has a pH of 2, 
but showed no other untoward effects. There was no depression, 
vomiting, or loss of appetite. 

As shown in the Table, the area of infarct averaged 34% larger 
in the papaverine treated cats than in the uninjected controls. This 
difference falls well within the average deviation of either series and 
is consequently considered as accidental. In large part the size of 
the infarct depends in the different cats upon the anatomical distri- 
bution of the coronary vessel which is ligated at the operation. The 
differences in the area of the infarcts are shown in the Table as 
a scatter of from 0.39 sq cm to 3.76 sq cm for the papaverine 
treated cats and of from zero to 4.40 sq cm for the control animals. 
A larger series might be desirable. However, more data would 
merely result in lowering of the average deviation of infarct size, 
without throwing additional light upon the effect of the drug. Our 
figures indicate that infarct size cannot be used as a criterion of 
coronary vasodilator action and therefore it is felt that the coronary 
vasotropic effect of papaverine must be studied by other methods 
as well. Papaverine is being compared by us with nitroglycerine 
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and theophylline for its effects upon the electrocardiogram with and 
without induced anoxemia. The length of time necessary for the 
recovery of the electrocardiogram and for the return of the white 
blood cell count and sedimentation time to normal was roughly 
proportional to the size of the infarct, and independent of the ad- 
ministration of the papaverine. From our failure to demonstrate 
any reduction in the size of the infarct after coronary ligation, it 
cannot be concluded that papaverine hydrochloride has no place in 
the clinical treatment of coronary occlusion or of angina pectoris. 

Conclusion. The daily injection of papaverine hydrochloride 
(5 mg per kilo) into cats for 2 weeks did not alter significantly the 
size of the infarct resulting from the ligation of the left branch of 
the left anterior descending coronary artery. 

It is suggested that because of the greatly variable amount of 
cardiac tissue involved in each ligation this method of study is too 


crude to detect any “clinical’’ improvement that the drug may have 
exerted. 
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Anaphylactic Shock and Susceptibility to Histamine Poisoning in 
the Cotton Rat Sigmodon hispidus littoralis.* 


BEATRICE CARRIER SEEGAL 


From the Department of Bacteriology, College of Physicians and Surgeons, 
Columbia University, New York. 


The Eastern cotton rat Sigmodon hispidus hispidus and the 
Florida cotton rat Sigmodon hispidus littoralis have come into 
prominence as laboratory animals because of their reported suscepti- 
bility to the virus of poliomyelitis! ? The cotton rat is a small 
rodent and apparently it is capable of adaptation to laboratory life. 
It is therefore of interest to explore its usefulness for other experi- 
mental purposes. Reports on a natural trypanosome infection of 
the Florida cotton rat,* on the susceptibility of this animal to diph- 


*This work was supported by a grant from the Philip Hanson Hiss, Jr., 
Memorial Fund. 


1 Armstrong, C., Pub. Health Rep., 1939, 34, 1719. 


2 Jungeblut, C. W., and Sanders, M., Proc. Soc. Exp. Bron. AND Mep., 1940, 
44, 375. 


3 Culbertson, J. T., J. Parasit., in press. 
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theric toxin,* and to infection with the tubercle bacillus’ have been 
made. The present communication describes attempts to produce 
anaphylactic shock in the Florida cotton rat. In addition to testing 
for hypersensitivity, the serums of some of the animals, obtained 
after sensitization, were tested for precipitin content. The animals 
subsequently were subjected to intravenous injections of histamine. 

Sheep serum as an anaphylactogen: One or 2 sensitizing injec- 
tions of sheep serum were given intravenously to 8 cotton rats. The 
total amount used for sensitization ranged from 0.05 to 0.6 cc. After 
an incubation period, varying from 17 to 29 days, the animals were 
reinjected intravenously with 0.25 to 0.50 cc of sheep serum. In 
no case was any reaction obtained following the shocking injection 
of antigen. Six of these animals were retested for sensitivity 17 
days later by the intravenous injection of 0.3 to 0.5 cc of sheep 
serum. The animals were again equally refractory to shock. 

Five of the animals were bled 19 or 25 days after the last shock- 
ing injection of antigen, and their serums tested for precipitins to 
sheep serum. In 3 of the serums no precipitins could be demon- 
strated ; in 1 serum there was a trace with antigen diluted 1:20, while 
the last serum reacted to give a definite precipitate with antigen 
diluted 1:10, 1:40, and 1 :160 and a trace with antigen diluted 1 :640. 

Whole egg white as an anaphylactogen: Two sensitizing injec- 
tions of 0.5 cc of 25% whole egg white were given 3 days apart to 
9 cotton rats. The first injection was given intravenously, the 
second intraperitoneally. Five of the 9 animals had previously 
been used in the sheep serum experiments. After a 21-day incuba- 
tion period, all 9 animals received 0.5 cc of the same egg white solu- 
tion intravenously. Seven of the cotton rats failed to show any 
reaction. One animal was listless for about 20 minutes, sitting in 
one corner of the cage and responding only sluggishly to prodding. 
The last animal showed a greatly increased rate of respiration for 
about 5 minutes after injection. It then appeared normal for about 
15 minutes when it was observed that the animal had become limp 
and could not be aroused to activity. Respirations were slow but not 
labored. The animal lay on its side, became progressively weaker 
with slower respiration during another 15 minutes and then stopped 
breathing, 35 minutes after the injection of egg white. Autopsy 
revealed no gross lesions in the heart or lungs. Each pleural cavity 
contained a drop of blood or bloody fluid, and there was a small 
amount of serosanguinous fluid in the peritoneal cavity. The 


4 Jungeblut, C. W., Proc. Soc. Exp. Brow. AND Mep., 1940, 43, 479. 
5 Steinbach, M. M., and Duca, C. J., Proc. Soc. Exp. Bron. AND Mep., 1940, 44, 


288. 
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mucosa of the stomach had one area of hemorrhage 4 mm in 
diameter and one of the Peyer’s patches of the small intestine was 
studded with petechial hemorrhages. The type of death and the 
paucity of findings at autopsy suggested the picture of anaphylaxis 
in the rat. 

Four of the 9 animals sensitized to egg white were bled from 
the heart 4 hours before the intravenous shocking injection of anti- 
gen. Serums from these bloods were tested for precipitins. Three 
of the serums contained no demonstrable precipitins, while the 
fourth showed only a trace of precipitate when tested with antigen 
diluted 1:20 and 1:100. 

Histamine shock: Eight cotton rats were tested for their sus- 
ceptibility to histamine (ergamine acid phosphate, Burroughs 
Wellcome & Co.). The drug was dissolved in 0.85% NaCl so that 
each cubic centimeter contained 1 mg. The cotton rats, weighing 
between 130 and 175 g, were injected intravenously with 0.4 to 1.5 
mg. The minimai lethal dose proved to be roughly 1 mg of hista- 
mine for a 130 g cotton rat, or approximately 0.8 mg per 100 g. 
This amount killed 4 out of 5 animals, whereas 0.6 mg per 100 g 
respiratory rate in the 3 animals tested. There was considerable 
of cotton rat failed to produce more than transitory increase in 
individual variation in the mode of death. In 1 animal (weight 
132 g¢) death occurred in 3 minutes following injection of 1 mg of 
histamine. It was characterized by frothing at the nose and 
labored respiration and by tonic and clonic convulsions and opistho- 
tonos. At autopsy the lungs were slightly distended and hemor- 
thagic. A second animal (weight 175 g¢) died one hour following 
the intravenous injection of 1.5 mg. This animal did not show 
discharge of froth from the nose and the respirations, although 
rapid, were not labored. It lay on its side, prostrated, for 45 minutes 
before death. On autopsy the lungs appeared normal. There were 
many petechial hemorrhages in the Peyer’s patches and also scattered 
through the small intestine. A third rat, also 130 g in weight, died 
in 3 hours following the injection of 1 mg. In this case, difficulty 
of respiration was also absent. Periods of complete prostration 
alternated with periods of violent tonic and clonic convulsions. The 
only findings at autopsy were petechial hemorrhages in Peyer’s 
patches. A fourth cotton rat, which had also been given 1 mg of 
histamine, showed only some increase in the rate of respiration for 
30 minutes following injection, but looked sick and listless the 


following day and died 24 hours later without showing any lesions 
at autopsy. 
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The potency of the histamine was tested in 3 guinea pigs weighing 
700 g. Two of these animals died acutely following the injection 
of 0.4 mg while the third survived 0.3 mg. 

Conclusions: The cotton rat was found relatively refractory to 
anaphylactic shock. In this respect it resembles the ordinary 
laboratory rat. Low titered precipitins occurred in 3 of the 9 
serums tested after sensitization. The minimal lethal dose of hista- 
mine intravenously was approximately 0.8 mg per 100 g for the 
cotton rat. This is 15 times the quantity required to kill a guinea 
pig, but is 100 times less than that which has been reported lethal 
for the rat. 
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Relation Between Volume of Vehicle and Chick Comb Response 
to Androsterone.* 


EMANUEL KLEMPNER, FRANKLIN HOLLANDER AND ROBERT T. 
FRANK. 


From the Laboratories of the Mount Sinai Hospital, New York. 


It was suggested previously (Frank, Klempner and Hollander’) 
that, in the use of sesame oil as a vehicle in our bioassay method 
for androgens, a reduction in the volume of vehicle from 0.1 cc to 
0.05 cc was one of the factors which contributed to the improvement 
in response. Subsequently, the possibility presented itself that a 
further reduction in this volume might effect further improvement, 
as manifested by increased comb growth for a given dose of andro- 
gen. Accordingly, we have investigated the response elicited by the 
application of various dosages of androsterone in 0.05 cc and in 
0.02 cct of oil, applied daily, in paired experiments run simultane- 
ously. In all other respects, the experimental conditions were 
exactly the same as in our last report (loc. ctt.). 

The results of such paired experiments are summarized in Table 


* This investigation was supported in part by a grant from the Friedsam 
Foundation. 

1 Frank, R. T., Klempner, E., and Hollander, F., Proc. Soc. Exp. BIoL. anp 
Mep., 1938, 38, 853. 

+ In order to facilitate the application of these small volumes, as well as to 
control accuracy of delivery, a simple mechanical device was attached to the 
syringes used. This device, constructed by Mr. Vondrak, chief technician of 
laboratories, Mount Sinai Hospital, will be described elsewhere. 
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TABLE I. : 
Effect of Further Reduction in Volume of Vehicle (Sesame Oil) in the Bioassay 
of Androgens by the Chick Comb Method. 


Response to 


androgen 
Mean comb wt application Improve- 
Vol. ~ (comb wt corrected ment 
Androgen of No. Treated Control for controls) in 
Series dosage _ oil of chicks chicks ——_—_ response 
No. (y) (ec) chicks W (mg) W,(mg) (W-W,) % of Wt (IR)? 
Gd) (2) (3) (4) (5) (6) (7) (8) (9) 
27 10 05 25 34.0 18.5 15.5 84 +52 
02 25 43.6 (28) * 25.1 136 
28 10 05 30 31.1 17.5 13.6 78 , +63 
.02 30 42.2 (26) 24.7 141 
29 10 05 30 31.0 19.3 1h 61 +89 
02 30 48.3 (23) 29.0 150 
30 10 .05 29 35.6 Wath 17.9 101 +75 
.02 29 48.8 (31) 31.1 176 
26 12 05 15 43.1 23.0 20.1 87 +56 
02 15 55.9 (21) 32.9 143 
26 15 05 14 45.7 23.0 22.7 99 +63 
02 15 60.2 (21) 37.2 162 
28 15 05 30 39.2 17.5 21.7 124 +66 
02 30 50.8 (26) 33.3 190 
29 15 05 30 38.1 19.3 18.8 oF +79 
02 30 53.3 (23) 34.0 176 
25 30 05 25 59.2 16.0 43.2 270 +53 
02 25 67.6 (26) 51.6 323 
27 30 05 24 49.1 18.5 30.6 165 +108 
02 24 69.0 (28) 50.5 273 
25 50 05 25 71.0 16.0 55.0 344 +43 
02 25 US) (26) 61.9 387 
Mean = 67.9% 
ou — +5.4% 
*Figures in parentheses No. of chicks. 
Wii 4 
1 Response as % of Ye < 100 
ce 
W 02 — W.o5 
2 Improvement (IR) as % of W, — ———-—— x 100 
W 


€ 


I, using mean comb weight for each group of chicks, regardless of 
sex, which had been treated in the same way. The dosages ranged 
from 10 to 50 y. The response to treatment in any one experiment was 
measured by the increase in comb growth for that experiment (W) 
over the comb growth for a control experiment (W-.) run simul- 
taneously, in which the chicks were untreated (columns 5 and 6). 
This increase (W—W-), the comb weight corrected for controls, is 
given in column 7. It is apparent from the data that the response 
obtained in any one experiment with the smaller volume of vehicle 
is in each case greater than the response in the corresponding experi- 
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ment with the larger volume. Each of these response values has 
likewise been calculated as per cent of the corresponding control 
value and is given in column 8. The improvement in response 
resulting from reduction in volume of sesame oil (IR, column 9) is 
therefore measured by the difference of these paired percentage 
values. These “improvement” values are uniformly positive, cor- 
responding to the greater response with 0.02 cc of oil than with 
0.05 cc. They vary in magnitude from 43% to 108% of the cor- 
responding control comb weight. The mean improvement is 67.9%, 
with a standard deviation of 5.4, and is based on a total of 710 
chicks : 277 treated with the larger volume of oil, 278 with the smaller 
volume, and 155 untreated controls. A second group of experiments, 
identical with the foregoing but restricted to the dosage range 1-9 y 
inclusive, has also been performed. This series employed a total of 
308 chicks, of which 238 were treated and 70 were controls. The 
results were similar to those in the foregoing series. 

It may be concluded, therefore, that this further reduction in 
volume of vehicle effects a further increase in the comb growth 
response of baby chicks. The only explanation which we can offer at 
the present time for this improvement is that the smaller the volume, 
the greater is the proportion of androgen solution utilized on the 
comb surface instead of being diverted to adjacent, less-sensitive 
head areas. 


We desire to express our thanks to Dr. Erwin Schwenk of the 


Schering Corporation of New Jersey for supplying us with the 
androsterone used in this investigation. 
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Improvement in Chick Comb Response to Androsterone 
Obtained with Alcohol as Vehicle.* 


EMANUEL KLEMPNER, RoperRT T. FRANK AND FRANKLIN HOL- 
LANDER. 
From the Laboratories of the Mount Sina Hospital, New York 


In our studies of the bioassay method for androgens, utilizing 
the comb of the baby chick, it has appeared that further improve- 


* This investigation was supported in part by a grant from the Friedsam 
Foundation. 
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ment in the method might be attained by utilizing some vehicle for 
the androgens other than sesame oil. We have been aware of the 
fact that an oily vehicle entails certain disadvantages: (1) It has a 
tendency to spread over the head feathers of the chick and thus cause 
a loss of variable amounts of the hormone by diversion from the 
comb. (2) Asa solvent, oil is unsatisfactory particularly for the 
gummy residues frequently obtained in extracting androgens from 
urine. (3) The oil itself is not absorbed, as has been shown histo- 
logically by Soloway, Hansen and McCahey,* but the hormone is ab- 
sorbed selectively by diffusion out of the vehicle instead of along with 
it. (4) The high viscosity of an oily vehicle is a distinct source of 
error in the preparation of quantitative solutions of the androgens. 
Other liquids which have been employed in place of sesame oil are tri- 
caproin (Hall and Dryden’), 60% alcohol for estrogens (Ito, Hajazu 
and Kon*), and 96% alcohol for testosterone (Zondek and Sul- 
man‘). The latter also mention the possibility of using benzol, ether, 
benzene and acetone but report no comparative studies with these sol- 
vents. Since 95% alcohol tends to overcome the undesirable features 
of sesame oil enumerated above, we have compared the two vehicles 
with respect to the comb growth response elicited by identical doses 
of androsterone. The procedure was similar to that described in 
the preceding paper (Klempner, Hollander and Frank’), wherein we 
compared the response elicited by the same dose of androsterone in 
paired experiments in which the only variable was the volume of 
sesame oil employed. In the present investigation, however, the 
paired experiments differed from each other in that the first employed 
0.05 cc of sesame oil and the second 0.02 cc of 95% alcohol. A 
comparison of the relative efficiencies of the two liquids for the 
purpose of these investigations would have been simplified by the 
use of identical volumes, but—as will be shown below—this differ- 
ence in volume can be canceled out of the final result without undue 
complications. 

The data for 9 such pairs of experiments are presented in Table I. 
The response in any one experiment (column 7) is measured by the 
difference between the mean comb weight of the group of treated 


1 Soloway, D., Hansen, L. P., and McCahey, J. F., Proc. Soc. Exp. Bron. AND 
Mep., 1939, 41, 547. 

2 Hall, 8. R., and Dryden, L. P., Proc. Soc. Exp. Bion. AND Mep., 1939, 41, 378. 

3 Ito, M. eee S., and Kau, T., Znbl. Gyn., 1937, 61, 1094. 

Cyoniene B., and Sala, dN Reon Soc. Exp. Bion. anp Mzp., 1939, 49, 633. 


5 Klempner, ‘E, Hollander, ob and Frank, R. T., Proc. Soe. Exp. Biot. AND 
Mep., 1940, 44, 631. 
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; TABLE I. 
Comparison of Aleohol and Sesame Oil as Vehicle in Bioassay of Androgens by 
the Chick Comb Method. 
—_—_—_—_—_—_—_>—_———————————K—K—K—“—_S_—_"—=—SSSSS—_—_—SXYXSsXSs—SX—SXX_—_—SX:_ 


Response to 


androgen 
Mean comb wt application Improve- 
———— (comb wt corrected ment 
Androgen No. Treated Control for controls) in 
Series dosage of chicks chicks —__ response 
No. (y) Vehicle chicks W (mg) W, (mg) (W-W..) YofW 1 (IR)2 
@) =) (3) (4) (5) (6) (7) (8) (9) 
$39 10 Oil 18 48.1 23.6 24.5 104 + 93 
Aleohol 17 70.2 (21)* 46.6 197 
$40 10 Oil 18 38.4 19.2 19.2 100 +155 
Aleohol 18 68.3 (37) 49.1 255 
$39 20 Oil a bg 61.1 23.6 37.5 158 +152 
Aleohol 17 96.9 (21) 73.3 310 
$38 30 Oil 18 48.1 21.7 26.4 122 +182 
Aleohol 18 87.8 (25) 66.1 304 
$39 30 Oil 16 68.5 23.6 44.9 190 +134 
Alcohol 18 100.4 (21) 76.8 324 
S40 30 Oil 18 61.3 19.2 42.1 219 +172 
Aleohol 18 94.6 (37) 75.4 391 
$39 40 Oil iif 71.2 23.6 47.6 201 +167 
Alcohol 18 110.8 (21) 87.2 368 
$39 50 Oil 18 77.9 23.6 54.3 229 +206 
Alcohol 18 126.8 (21) 103.2 435 
$40 50 Oil 18 84.6 19.2 65.4 339 +140 
Alcohol 18 111.3 (37) 92.1 479 
Mean = 155.7% 
C= LO 
*Figures in parentheses are No. of chicks. 
Wier e 
Uses pouseias oh Ol Wiet eee x LOO 
Ww 
Cc 
Wine =a Won 
2 Improvement (IR) as % of W, = x 100 


W 


Cc 


chicks (W, column 5) and that of the untreated control group in 
the same experiment (W., column 6). For comparative purposes, 
these “response”’ values are also given as per cent of the correspond- 
ing control weight (column 8). Then, the improvement in response 
obtained by the use of alcohol as compared with oil in any one pair 
of experiments is given by the difference between these percentage 
response values (IR, column 9). These “improvement” values are 
consistently in favor of the alcohol as vehicle, and vary from 93 to 
206% of the corresponding control comb weight. The mean of these 
9 IR values is 155.7% with a standard deviation of 10.1. This mean 
is based on a total of 538 chicks: 158 treated with oil, 160 treated 
with alcohol and 220 untreated controls. 

It was mentioned above that the alcohol solutions were employed 
in daily volumes of 0.02 cc as compared with 0.05 cc for the sesame 
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oil. We have shown elsewhere (Klempner, Hollander and Frank’) 
that even with the same solvent such a difference in volume may 
produce a considerable increase in comb response ; for 11 experiments 
with a range in dosage of 10-50 y, the mean IR-value was 
67.9 + 5.4%. However, in the present investigation the mean 
IR value is 155.7 + 10.1%. The difference between these two is 
87.8% with a standard deviation of 11.5%. This difference is 7.6 
times its standard deviation and is therefore statistically significant. 

It may be concluded, therefore, that the improvement in comb 
growth response obtained in these experiments resulted from the 
substitution of alcohol for sesame oil, apart from the diminution in 
volume of vehicle. Such improvement may be ascribed to the rapid 
evaporation and absorption of the alcohol, with consequent diminu- 
tion in loss by spreading to less responsive areas. It is also possible 
that the use of alcoho! increases the rate of absorption of the andro- 


gen itself by the comb surface, but as yet we have no direct evidence 
of this. 


We desire to express our thanks to Dr. Erwin Schwenk of the 
Schering Corporation of New Jersey for supplying us with the 
androsterone used in this investigation. 
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Prevention of Nutritional Muscular Dystrophy in Suckling E-low 
Rats with Alpha-tocopherol and Related Substances.* 


HERBERT M. Evans anp GLapys A. EMERSON. 


T'rom the Institute of Experimental Biology, University of California, Berkeley, 
California. 


That alpha-tocopherol was effective in preventing the dystrophy 
that appears in the suckling young of vitamin E-low mothers was 
first shown by Barrie,’ Demole and Pfaltz,? and Goettsch and Ritz- 
mann.* Goettsch and Ritzmann found that FeCl,-treated wheat 


* Aided by grants from the Research Board and the Department of Agriculture 
of the University of California, the Rockefeller Foundation and Merck and Com- 
pany, Rahway, New Jersey. The following materials were generously contributed: 
alpha-tocopherol by Merck and Company, Rahway, New Jersey. Assistance met 


rendered by the Works Progress Administration, Official Project No. 65-1-08-62 
Unit A-5. is 


1 Barrie, M. M. O., Nature, 1938, 142, 799. 

2 Goettsch, M., and Ritzmann, J., J. Nutr., 1939, 17, 371. 

3 Demole, V., and Pfaltz, H., Schweiz. Med. Wochenschrift, 1939, 69, 123 
fy LAR} 
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germ oil (which had no activity as vitamin E in the cure of sterility) 
likewise had anti-dystrophic activity. 

Weare able to confirm the findings of Barrie, Demole and Pfaltz, 
Goettsch and Ritzmann as to the anti-dystrophic activity of alpha- 
tocopherol. 

Young female rats reared on our vitamin E-low diet 427* and of 
proved sterility were bred for their second gestation and were given 
a single dose of 3 mg of natural alpha-tocopherol on the day of 
finding sperm. The litters resulting from these pregnancies were 
reduced to 6 young. In the first group of test animals the mothers 
were given 6 mg of alpha-tocopherol by stomach tube on the day of 
littering. They were allowed to suckle 3 of their own young and 
3 foster young of the control mothers which received the solvent for 
the alpha-tocopherol (ethyl laurate). Likewise, the control rats 
were allowed to suckle 3 of their own young and 3 from the experi- 
mental animals. Six mg of alpha-tocopherol was almost adequate to 
prevent the dystrophy that would otherwise have developed toward 
the end of the lactation period. Two animals, however, in this group 
exhibited a slight stiffness (Table 1). Ten mg of alpha-tocopherol 
appeared to be adequate to prevent the dystrophy. 


TABLE I. 
Prevention of Muscular Dystrophy in Suckling E-low Rats with a-tocopherol. 


No.of Dystrophic or dead 


Treatment young Days 15-25 
Mother received 6 mg a-tocopherol (in ethyl laurate) 30 2 
on day of littering (slight stiffness) 
Mother received ethyl laurate only 64 64 
Mother received 10 mg a-tocopherol on day of littering 41 0 
Young received 1 mg a-tocopherol daily from day 10 13 0 
Young received ethyl laurate only 12 6 
Young received 3 mg a-tocopherol daily from day 15 12 0 
Young received ethyl laurate only 9 6 
Young received 3 mg a-tocopherol daily from day 18 30 25 
Young received ethyl laurate only 25 19 


In a second experiment the young were given alpha-tocopherol: 
one group received 1 mg daily from day 10; a second group received 
3 mg daily from day 15; and a third group, 3 mg daily from day 18. 
The results of this experiment demonstrate that alpha-tocopherol 
when administered as late as day 15 of lactation was effective in 
preventing the paralysis but that the young receiving the alpha- 
tocopherol from day 18 were not protected. It can be seen that not 
all the ethyl laurate treated young developed dystrophy although 
this was the case when the mothers were so treated. An explanation 


4 Emerson, G. A., and Evans, H. M., J. Nutr., 1937, 14, 169. 
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may be afforded by the necessary conditions of the experiment for 
young in the same litter were fed the alpha-tocopherol by dropper 
and slight oral residues could have been licked off by litter mates. 

Following the observation of Goettsch and Ritzmann demon- 
strating the activity of FeCl,-treated wheat germ oil in preventing 
the dystrophy, we fed substances related chemically to alpha- 
tocopherol (1). 


CH3 CH CH CH CH, 
Vigo ee: te Ge? l 
CH, (CH,)3 CH (CH,)3 CH (CH,); CH CH, 
HO = He . 
CH, CH, I- x-Tocophero 
CH3 re) cae 
CH, oo “en CHs 
HO NCH 
CH, CH, 


I-2,2,5,7,8 pentamethyl 6 hydroxy chromane 
has the same ring structure as alpha-tocopherol. The side chain 
of alpha-tocopherol is derived from phytol (III), 
HO CH, CH=C (CH,)3 CH (CH,), CH (CH,)3; CH CH, 


I- Phytol 


Fernholz obtained the gamma lactone (IV ) 
OnGs we Cis Ee) 
Ua ¢ (CH,), CH (CH,); CH (CH,); CH CH; 
(S 
~ if, Me 
Iv-gamma lactone (Fernfolz) 


on oxidation of alpha-tocopherol. All of these substances were 
inactive whether fed to the young from day 15 or to the mothers on 
the day of littering (Table IT). 

The resemblance in structure between vitamin Ki (V) 


fe) 
i} 
CH, CHg CH CHa CH 
CH, CH=C (CH,), CH (CH,), CH (CH,), CH CHg 
i) 
(@) 


Yv- Vitamin kK, 
and alpha-tocopherol suggested that this substance might act as 
vitamin E but vitamin K, was also found to be inactive in the pre- 
vention of muscular dystrophy. 
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TABLE II. 
Failure to Prevent Muscular Dystrophy in Suckling E-low Rats with Substances 
Related to q-tocopherol 


No.of Dystrophic or dead 


Treatment young Days 15-25 

Young received 3 mg phytol daily from day 15 16 14 
Young received 3 mg 2,2,5,7,8, penta methyl 6 

hydroxy chromane daily from day 15 20 13 
Young received 3 mg gamma lactone (Fernholz) 

from day 15 16 13 
Young received ethyl laurate only 52 45 
Mother received 15 mg 2,2,5,7,8 penta methyl 6 

hydroxy chromane on day of littering 54 53 
Mother received 15 mg vitamin K, on day of littering 18 ily 
Mother received ethyl laurate only 28 26 
Mother received 15 mg gamma lactone (Fernholz) 

from day 15 24 24 


Sunmary. The dystrophy that almost invariably appears toward 
the end of the lactation period in the suckling young of vitamin E-low 
mothers can be prevented by the administration of 10 mg of alpha- 
tocopherol to the mother on the day of littering or the feeding of 
1 mg daily to the young from day 10 or 3 mg from day 15. The 
administration of 3 mg of alpha-tocopherol daily from day 18 was 
ineffective. The following compounds related chemically to alpha- 
tocopherol were tested for anti-dystrophic activity and found inac- 
tive: 2,2,5,7,8-penta-methyl, 6 hydroxy chromane, phytol, gamma 
lactone and vitamin K,. 
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Reimplantation and Transplantation of Eyes in Anuran Larvae 
and Fundulus heteroclitus.* 


DS. STONE: 


From the Department of Anatomy, Yale University School of Medicine. 


These experiments were undertaken on anurans and fishes to 
compare the results with those obtained from a series of studies on 
the grafted eyes of urodeles.‘° In one group the functional eye in 


* Aided by grants from the John and Mary R. Markle Foundation and the 
Tluid Research Fund of Yale University School of Medicine. 

1 Stone, L. S., J. Lap. Zool., 1930, 55, 193. 

2 Stone, L. S., and Cole, C. H., Proc. Soc. Exp. Brot. AnD Mep., 1931, 29, 176. 

3 Stone, L. S., Zaur, I. S., and Farthing, T. E., Proc. Soc. Exp. Bion. AND MED., 
1934, 31, 1082. 

4 Stone, L. S., Ussher, N. T., and Beers, D. N., J. Eup. Zool., 1937, 77, 13. 

5 Stone, L. S., and Chace, R. R., Proc. Soc. Exp. Bion. AnD Mup., 1937, 36, 830. 
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Fundulus heteroclitus, 4 to 6 cm in length, was grafted in the orbit 
(32 reimplants and 20 transplants). For several days, or in some 
cases for weeks, the operated eye appeared perfectly normal. Circu- 
lation in most cases returned in 2 or 3 days and ocular movement 
was present in 10 days. The lens in some cases was slightly opaque 
as early as the tenth day. It usually broke down rapidly and in the 
living eye during the first or second month it appeared as a white 
gelatinous mass protruding through the pupil. 

At the end of a month the pupil and the eye became slightly 
smaller. The iris began to show pigment changes and during the 
second month most eyes were slowly resorbed. Throughout the 
experiment the cornea never became opaque. 

The animals were sacrified 1 to 95 days after operation. Histo- 
logical sections showed that the central region of the retina degen- 
erated rapidly, beginning on the second day. The rod and cone cells 
in this area were slightly more resistant than other layers. The 
ciliary region, so resistant in urodeles (opus cited), was still a 
complete ring of cells on the third and fourth weeks when the rest 
of the retina was a mass of débris. In one unusual case (2 reim- 
planted eyes on the same host) both eyes on the ninety-fifth day 
appeared much like the normal. The lenses were clear and undegen- 
erated and the retinee had not undergone extensive degeneration. 

Eighty-two eyes were reimplanted in the orbit in Rama pipiens 
larve 18 mm in length. Thirty eyes sloughed out in 24 hours after 
operation. Fifty-two healed in place and circulation returned as 
early as the second day. Forty-three specimens were sacrificed from 
one to 96 days after operation for histological studies. Several were 
preserved one month after metamorphosis. The growth and size of 
many eyes equalled the normal while some were slightly smaller. Ocu- 
lar movement was observed as early as the tenth day. The cornea was 
never opaque and in only 2 instances (specimens killed on the third 
and fourth days) was the lens cloudy. Histological studies showed 
that in the region of the optic nerve the retina possessed varying 
amounts of degenerating cells during the first week. A number of 
cells were also lost throughout the ganglion cell layer. Some cells 
were lost locally in the inner nuclear zone while the rod and cone 
cells seemed to be normal. During the second week the optic nerve 
degenerated as far as the chiasma. From the second week to one 
month after metamorphosis there was no further sign of degenera- 
tion. If injuries were not extensive at operation the retina healed 
early but always carried the scar. These eyes showed very little 
capacity to regenerate even an optic nerve. This is quite different 
from the results obtained in urodeles (opus cited). 
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Ten eyes were reimplanted in the orbit in Rana clamitans larve 
about 65 mm in length. Three died immediately after operation. 
Two eyes were severely injured at operation and were slowly 
resorbed by one month before the hosts metamorphosed. Five cases 
were sacrificed from 150 to 227 days after operation. Two of 
these were carried to metamorphosis and 3 were killed from 53 to 80 
days after metamorphosis. All eyes and their pupils were slightly 
smaller than normal at the end of the experiment. 

Histological studies showed that no degeneration was taking place 
in the eye when the hosts were killed. All retinz were slightly 
thinner than normal. They showed a reduction in the number of 
ganglion cells and the inner nuclear zone was not as deep as the 
normal. In every case the small optic nerve stump at the bulb did 
not penetrate further than the choroid coat. The optic nerve was 
completely absent from the bulb to the chiasma. The lens was 
slightly smaller but normal histologically. All other structures 
appeared normal in both the living state and in histological prepara- 
tions. The results in these older larve seem to be about the same 
as in those of the much younger R. pipiens. 
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Occurrence of Riboflavin in Tubercle Bacillus.* 


Haroip R. StreETy AND R. E. ReEeEves.{ (Introduced by George 
R. Cowgill. ) 


From the Department of Chemistry and the Laboratory of Physiological Chemistry, 
Yale University, New Haven. 


It has been known for several years that aqueous extracts of the 
tubercle bacillus exhibit yellow fluorescence in ordinary light. We 
have attempted the purification and characterization of this yellow 
pigment. Extracts of partly defatted tubercle bacilli made with 
25% alcohol showed a yellow fluorescence in ordinary light and a 
beautiful blue fluorescence in ultraviolet light. The formation of 
lumiflavin upon alkaline irradiation indicated the presence of a 


* Aided by grants from the Research Committee of the National Tuberculosis 
Association and from the Rockefeller Foundation. 

+ Vitamin Research Fellow at Yale University, 1936-38. 

t Holder of a National Tuberculosis Association Fellowship at Yale University, 
1936-37. 
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flavin-like pigment. This pigment was partially purified, as described 
below, and fed to rats receiving a diet lacking riboflavin. The 
resulting growth response indicated that the bacterial flavin was the 
well known water-soluble vitamin, riboflavin.’ 

At the time this work was done in 1937, there were no published 
reports indicating the chemical nature of this yellow pigment of the 
tubercle bacillus. However, since that time, Boissevain, Drea and 
Schultz? have announced the isolation of riboflavin from the tubercle 
bacillus, identified by melting point and absorption spectrum. Our 
work on the biological activity of the pigment may be considered to 
confirm its identity as riboflavin. 

The several strains of tubercle bacilli used in this investigation 
had been grown on the Long*® Synthetic Medium in the Biological 
Laboratories, Sharp and Dohme, at 'Glenolden, Pennsylvania. The 
material represented the dried cell residues after extraction with 
alcohol, ether and chloroform. 

The cell residues from tubercle bacilli, Strain A-14, had been 
extracted in 1934 as described by Crowder, Stodola, Pangborn, and 
Anderson.* For the present examination 522 g of the dried cell 
residues were digested and extracted repeatedly with 2-liter portions 
of warm 25% alcohol. The combined extracts were filtered through 
a Chamberland filter and the clear filtrate was concentrated in vacuo 
to a volume of 1076 cc. This extract contained 54.8 g of solids, 
which were mostly polysaccharides and inorganic salts, but a small 
amount of protein was 5 present, together with other undetermined 
constituents. 

he extract showed a yellowish-green fluorescence in ultraviolet 
light. At pH 2 the fluorescence was green, but in the range of pH 
3 to 5 it was blue when irradiated with ultraviolet light. Extraction 
with chloroform or other solvents either at neutral. acid or alkaline 
reaction did not remove any fluorescent pigment. 

The amount of flavin was estimated in 2 cc of the extract by 
conversion to lumiflavin by irradiation in alkaline solution according 
to the procedure of Warburg and Christian.> The lumiflavin thus 
produced was extracted by chloroform from the acidified solution 
and estimated by means of the Pulfrich spectrophotometer according 


1 Kuhn, Gyérgy, and Wagner-Jauregg, Ber., 1933, 66, 576, 1034. 
2 Boissevain, Drea, and Schultz, Proc. Soc. Exe. Biou. AND Mep., 1938, 39, 481. 
3 Long, Am. Rev. Tuberc., 1926, 18, 393. 


4 Crowder, Stodola, Pangborn, and Anderson, J. 4m. Chem. Soc., 1936, 58, 636. 
S Werlers and Christian, Biochem. Z., 1933, 266, 377. 
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to Kuhn, Wagner-Jauregg and Kaltschmitt.® On this basis, it was 
calculated that the original dry bacilli contained 36.6 mg of flavin 
per kilo. 

Portions of dry defatted human strain A-12 and the avian tubercle 
bacillus, Hygienic Laboratory No. 531, both grown on the Long? 
synthetic medium, were also examined for flavin pigments. The ex- 
traction and the estimation as lumiflavin were carried out as above. 
The values found corresponded to 13.0 mg of flavin in the human 
strain A-12 and 19.3 mg in the avian bacilli per kilo of original 
dry bacteria. These values can only be regarded as minimal. Living 
bacilli would undoubtedly contain larger quantities of flavin. 

Concentration of Flavin. A considerable amount of polysaccharide 
and other solid matter was removed from the aqueous solution of 
the A-14 extract by precipitation with three parts acetone and one 
part alcohol. This precipitate also contained much of the nonflavin 
fluorescing pigments which have not yet been adequately investi- 
gated. 

The supernatant solution was concentrated to 800 cc, adjusted 
to 0.1 N with H.SO, and the flavin was adsorbed by shaking with 
fuller’s earth. After elution with pyridine-methanol-water the 
concentration was continued by formation of the silver salt in the 
usual manner. Removal of the silver left 0.487 g of solid material 
containing 2 mg of flavin, determined by the irradiation procedure. 

Biological Assay. The crude flavin concentrate was assayed as 
follows: A litter of eight 21-day-old albino rats were fed ad libitum 
a basal diet, complete except for the vitamin B complex, of the 
following composition: casein 18, sucrose 73, salt mixture, Osborne 
and Mendel, 4, Crisco 2, and cod liver oil 3 parts. In addition, each 
rat received daily a rice polish extract (tikitiki)” equivalent to 1 g 
of rice polish. We have shown’ that this tikitiki contains all the 
members of the vitamin B complex required by rats except riboflavin, 
of which only traces are present. 

When growth had nearly ceased, one group of rats was fed the 
bacterial flavin, one group was given crystalline riboflavin,§ and a 
third group was continued on the diet without further supplement. 
The growth curves are shown in Fig. 1 and indicate that the bac- 
terial flavin possessed the same biological activity as crystalline 
riboflavin. 


6 Kuhn, Wagner-Jauregg, and Kaltschmitt, Ber., 1934, 67, 1452. 

7 Street and Cowgill, Am. J. Physiol., 1939, 125, 323. 

§ Obtained from the Borden Company, Bainbridge, N. Y., as crystalline lacto- 
flavin, P X grade. 
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Fie. 1. 

The effect of bacterial flavin and of crystalline riboflavin on the growth of rats 
fed a basal diet supplemented with rice polish extract. At point A the daily 
administration of the bacterial flavin preparation in amount calculated to supply 
40 y of flavin was begun. At point B the daily administration of 40 y of pure 
crystalline riboflavin was begun. The curves are averages. The figure in the 
circle by each curve represents the number of animals in the group. 


In view of the uniformity in growth response of the several 
animals, it appears justifiable to present the results in the form of 
curves based on averages. While the number of animals used was 
necessarily small, many other tests performed in this laboratory 
using the same basal diet, including rice polish extract alone or 
supplemented with crystalline riboflavin, have yielded results prac- 
tically identical with the curves shown above. 

The average daily gain in weight of 3.5 g daily observed in these 
experiments with a daily supplement of 40 y of riboflavin, is essen- 
tially normal growth for this strain of rats and indicates that the 
basal ration supplies adequate amounts of all nutritional essentials 
required by the rat other than riboflavin. Under these circumstances, 
any increased gain over that of the negative controls produced by a 
vitamin bearing substance should be specific for riboflavin. Since 
this work was completed one of us (H.R.S.) has used a ration, 
containing tikitiki as a source of the B complex, for riboflavin assays 
involving the use of over 1000 rats, with entirely satisfactory results. 

Summary. The tubercle bacillus cultivated on the Long synthetic 
medium is capable of synthesizing fluorescent flavin pigment. This 
pigment, when fed to young rats, promotes growth to the same 
extent as a corresponding quantity of crystalline riboflavin. 
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Effect of Certain Purines, and CO, on Growth of Strain of 
Group A Hemolytic Streptococcus.* 


A. M. PAPPENHEIMER, JR., AND G. A. HOTTLE. 


From the Department of Bacteriology, School of Medicine, University of 
Pennsylwania. 


Rapid luxuriant growth of the C203S strain of Group A hemolytic 
streptococcus, equal to that occurring in broth under comparable 
conditions, has been obtained on a medium of essentially known 
composition. The complete medium is made up as follows: 

I. 40 cc of stock solution of acid hydrolyzed gelatin equivalent 
to 25% gelatin’ are diluted with distilled water to 500 cc and 500 mg 
cystine dissolved in a few cc of dilute HCl, 3 g KH,PO,, 1 g 
NazHPO, (anhydrous), and enough 5N NaOH to bring the pH to 
7.4-7.6 are added. The solution is boiled gently for 5 minutes and 
filtered. 

Il. To the filtrate are added 50 mg tryptophane, 100 mg tyrosine, 
15 mg adenine sulfate, 10 mg uracil, 0.2 mg nicotinic acid, 2 mg 
synthetic vitamin B,,7 0.1 mg of biotin concentratet and 2 cc of salt 
mixture (25 g MgSO, : 7 H.O, 20 mg MnCl, - 4 H.O, 5 mg CuSO,, 
2 mg FeSO, : 7 H,O, and 2 mg ZnSO,: 7 H.O made up to 100 cc 
with water containing a few drops of concentrated HCl). The 
volume is made up to 900 cc, the solution readjusted to pH 7.4-7.6, 
tubed in 9 cc amounts and autoclaved at 10 lb for 10 minutes. 

III. To each tube is added 0.1 cc of the following solutions which 
have been sterilized separately : 0.1 mg thiamin (vitamin B,) per cc, 
0.05 mg riboflavin per cc, 0.1 mg synthetic d-calcium pantothenate 
per cc, 1% neutralized thioglycollic acid containing 0.2 mg gluta- 
thione per cc and 5 mg glutamine per cc. The last three solutions 


* The expenses of this work have been defrayed by a generous grant from the 
Commonwealth Fund. 

1 Pappenheimer, A. M., Jr., and Johnson, S. J., Brit. J. Exp. Path., 1937, 
18, 239. 

+t We are greatly indebted to Merck & Co. for generous samples of synthetic 
vitamin Bg and calcium pantothenate. 

t We are indebted to Dr. D. W. Woolley of the Rockefeller Institute, New York, 
for this concentrate which was prepared according to the procedure of Woolley, 
D. W., McDaniel, L. E., and Peterson, W. H., J. Biol. Chem., 1939, 131, 381. From 
its activity in promoting growth of Clostridiwm butylicum Dr. Woolley estimates 
that approximately 4% of the material is actual biotin. (See also Peterson, W. H., 
McDaniel, L. E., and McCoy, E., J. Biol. Chem., 1940, 183, lxxv.) 
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are sterilized by filtration. Finally, 0.5 cc of 5% glucose containing 
0.04% CaCl, : 2 H,O is added to each tube. 

IV. The inoculum consists of one drop of 6-8-hour broth culture 
of C203S which has been twice washed with saline and then made 
up to slight turbidity with saline. Tubes are incubated under 8 mm 
CO, tension in air for 40 hours. The amount of growth is deter- 
mined with a photoelectric colorimeter and the readings correlated 
with standard suspensions of known bacterial nitrogen content. 

The effect of omitting each of the above factors in turn from the 
complete medium is listed in Table I. Figures in the second 
column indicate the minimum amount of substance necessary for 
optimum growth in 10 cc of medium. 

All the substances listed in Table I are essential for rapid growth 
with the exception of uracil. Uracil, while not essential, appears 
to increase growth slightly. 

In the complete medium the limiting factor appears to be glucose. 
Addition of more glucose will increase growth proportionately until 
sufficient acid has been produced to kill the organisms. 

The need for pantothenic acid and riboflavin agrees with the 
results of Rane and Subbarow,**, Mcllwain,*, and Woolley and 
Hutchings’ using other strains. The necessity of glutamine for 
rapid growth confirms the work of Mcllwain et al. In agreement 
with MclIlwain we have found that glutathione is not essential 
provided the thioglycollic acid concentration is increased to 10% 
molar in the final medium. Our findings with respect to vitamin Be 
would also seem to confirm those of McIlwain and of Woolley and 
Hutchings’? on Group D strains. Thiamin has not previously been 
reported essential for growth of hemolytic streptococcus. While it 
does not seem improbable that biotin is necessary for growth of the 
C203S strain, this cannot be regarded as certain until pure biotin 
becomes available for test. It is also possible that some other essen- 
tial factor may be present as impurity in the gelatin or in the glu- 
tamine, both of which were prepared from natural sources. This 
seems unlikely in view of the good growth obtained. 

We have been particularly interested in the requirement of strain 


2 Rane, L., and Subbarow, Y., Proc. Soc. Exp. Bron. AND MED., 1938, 38, 837. 

3 Subbarow, Y., and Rane, L., J. Am. Chem. Soc., 1939, 61, 1616. 

4 Mellwain, H., Brit. J. Exp. Path., 1939, 20, 330; Brit. J. Exp. Path., 1940, 
21, 25. 

5 Woolley, D. W., and Hutchings, B. L., J. Bact., 1939, 38, 285. 


6 McIlwain, H., Fildes, P., Gladstone, G. P., and Knight, B. C. J. G., Biochem. J., 
1939, 38, 223. 
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TABLE I. 
Effect of Omitting Certain Factors from Complete Medium on Growth of C2038 
Strain. 
Mg bacterial N 
after 40 hr 
Amt necessary incubation from 
Substance for optimal growth 10 ce & 50 
Complete medium -- : 10-13 
No glucose 25 mg 0.1 
?? glutamine 500 ug variable* 
?? tyrosine 1000 oe 
’? tryptophane 500 22 
?? uracil 100 #2. 


wowow 
wonNoovo 


?? adenylic acid (0.4 mm COs tension) 100 ne 
8 


7? COy (COo-free air) mm 

”? thioglycollie acid 1 mg 

?? glutathione 4 wg i 0.1 

?? thiamin LOTR 3.1 

”? nicotinie acid WK) 24 1 

”? pantothenic acid 10 he 0.2 

’? riboflavin 0.04 ’’ 0.8 

?? vitamin Bg 20 Ly Deo elt 
»? ““hiotin’’ concentrate LOR 2 1.8 

Broth (25 mg glucose in 10 cc) — 10-17 


*No significant growth at 20 hours without glutamine. Growth at 40 hours 
at 8 mm COs tension is variable. 
tNo significant growth at atmospheric CO, tension without vitamin Bg. 


C203S for adenine or related compounds. If purine is omitted from 
the complete medium no growth occurs within 40 hours. Addition 
of adenine permits growth to occur. Adenine may be replaced by 
adenosine or adenylic acid, by guanine, guanosine or guanylic acid 
and by xanthine or hypoxanthine. It cannot be replaced by uric 
acid, caffein or theophylline or by the pyrimidines uracil and cytosine. 
Subbarow and Rane’® have reported that certain of the above 
purines “may be of significance” in the growth of the N.Y. No. 5 
strain of hemolytic streptococcus. Mcllwain* has included a number 
of purines in his medium on general grounds and Moller’ has shown 
that adenine or guanine but not xanthine or hypoxanthine increase 
the growth of Lactobacillus plantarum. 

The purine requirement of strain C2035 was discovered before all 
of the other growth factors had been identified. Upon reexamining 
the purine requirements using the more defined medium given in 
detail above, it was noted that the presence of 5% carbon dioxide in 
the atmosphere above the culture greatly accelerated growth and 
the surprising observation was made that even when purine was 
absent growth occurred. We therefore examined the effect of 
carbon dioxide in some detail and in Table II are shown some of the 


7 Moller, E. F., 7. Physiol. Chem., 1939, 260, 246. 
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TABLE II. : 
Effect of Adenylie Acid on Growth of Strain C2038 at Different Carbon Dioxide 
Tensions. 
No adenylic acid Adenylic acid, 10 ng/ee 
Carbon dioxide tension ee SS Gs 
(mm Hg) 20 hr 40 hr 20 hr 40 hr 
COo-free air — 0.3 = 2.2 
0.4 0.0 0.7 1g 6.8-8.2* 
1.4 0.1 0.7 3.1 8.4 
2.4 0.15 3.8 3.0 9.1 
4.3 0.15 9.0 10.9 10.1 
8 1.4 oll 11.3 10.4 
20 1.0 9.2 9.6 10.8 
40 10.1 12.2 12.2 12.4 
§ mm COs, 730 mm nitrogen, 
no oxygen = 12.5 = 12.5 


*Growth is quite variable at atmospheric CO2 tension which has been assumed 
to be 0.4 mm Hg. 

Note that readings at 20 and 40 hours were from different experiments in 
different tubes. Growth is given as milligrams bacterial nitrogen per 10 ce x 50. 
Figures represent averages of at least 2 tubes. 

The oxygen tension was kept constant at 120 mm throughout except in the 
anerobic experiments and those done at atmospheric COg tensions. The gas 
pressure was made up to 740 mm with nitrogen in each case. 


results at different CO, tensions with and without adenylic acid. It 
will be noted that maximal growth when adenylic acid is present 
occurs within 20 hours provided the CO, tension is 4 mm or greater, 
that no significant growth occurs even after 40 hours’ incubation in 
the absence of adenylic acid when the CO, tension is below 2 min and 
that even when the CO, tension is high, a small but consistent increase 
in growth is apparent at 40 hours when adenylic acid is added to the 
medium. It has been observed that the bicarbonate ion cannot 
replace carbon dioxide when no purine is present. However, in the 
presence of both adenylic acid and bicarbonate, any slight growth 
of the organisms may liberate sufficient carbon dioxide through 
action of the acid produced to accelerate growth. These observa- 
tions on the accelerating effect of carbon dioxide are in harmony 
with those of other workers* and indeed MclIlwain‘ grew his cultures 
in 5% carbon dioxide. 

At present we have no clue as to the significance of these findings. 
Whether carbon dioxide is necessary for purine synthesis or whether 
purine plays a role in the production of carbon dioxide by the organ- 
isms cannot be decided at this time. We may point out, bower 
that a somewhat analogous situation has been reported in the case of 
Staphylococcus aureus by Richardson.® With this organism no 


8 Gladstone, G. P., Fildes, P., and Richardson, G. H., Brit. J. Exp. Path., 1935, 
1G, 335. 


® Richardson, G. H., Biochem. J., 1936, 30, 2184. 
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growth occurs under anaerobic conditions unless uracil is added. In 
the presence of oxygen uracil is non-essential. 

The C2035 strain of streptococcus is a powerful hemolytic strain. 
In our experience hemolytic titers on this medium are equivalent to 
those obtained in broth, provided care is taken to avoid accumula- 
tion of acid during growth. The growth and hemolysin titer may 
be increased by addition of more glucose to the medium and periodic 
neutralization of the acid formed. However, preliminary work in 
this direction indicates that some factor, as yet unidentified, becomes 
the limiting one under these conditions. 

Summary. Rapid, heavy growth and hemolysin production of 
the C203S strain of Group A hemolytic streptococcus have been 
obtained on a medium of essentiaily known composition. In addition 
to factors reported by previous workers, we have found that thiamin, 
nicotinic acid, adenine or related purines, and an unknown factor 
which may possibly be biotin are necessary for growth of this strain. 


The relation of carbon dioxide tension to the purine requirement 
has been studied. 
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Modifying Influence of Light on Chick’s Comb Response to 
Androsterone. 


WILLIAM F. STARKEY, ROBERT C. GRAUER AND ELEANOR SAIER. 
(Introduced by S. R. Haythorn.) 


From the Department of Research in Endocrinology and Metabolism, William H. 
Singer Memorial Research Laboratory, Allegheny General Hospital, Pittsburgh. 


The assay of androgenic material by biologic methods offers 
definite advantages over colorimetric determinations when we con- 
sider that in measuring the 17 ketosteroids by chromogenic effect 
we are determining both biologically active and inactive material.’ 
In many cases the important consideration is, to what degree is 
biological activity present in a given specimen. In consequence of 
this, we made comparisons of colorimetric? and biologic determina- 
tions in some of our studies. The comb response of one-day-old 


1 Callow, N. H., Callow, R. K., Emmens, C. W., and Stroud, 8S. W., J. Endo., 
O39 A 76: 
2 Neustadt, Rudolph, Hndo., 1938, 23, 711. 
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chicks, previously reported by Dorfman and Greulich,* Emmens,* 
and Frank and Klempner,” was employed as the method of studying 
biologic response. During the preliminary plotting of our curves, 
to establish normal average response to known dosage, it was recog- 
nized by us that light played an extremely important role as a 
modifying factor in the weight response of the chick’s comb. 
Though this factor has been observed in the capon,® we have found 
no mention in the literature regarding the baby chick. It is, there- 
for, of paramount importance that the influence of light be recog- 
nized and taken into account by workers who have adopted the 
chick comb weight method for the assaying of androgens. 

The 309 white leghorn male chicks used in our experiment were 
procured from the same hatchery on the day of hatching. All chicks 
used were hatched during the first 3 weeks of April. When the 
chicks were one day old, daily inunction of the combs was begun 
and continued for 6 days. The combs were removed and weighed 
on the day following cessation of treatment and the weights of the 
birds also were noted. Removal of the comb was accomplished 
by making lateral and posterior incisions at the base of the comb 
of the anesthetized chicks and by grasping the anterior end with 
forceps and stripping the comb off dorsally. All combs were re- 
moved by the same individual. 

Daily treatment consisted of spreading 0.01 cc of sesame oil over 
the surface of the comb. This was easily accomplished with ac- 
curacy by the use of a micro-titrating pipette calibrated in 0.002 cc 
divisions and which had the tip bent at a right angle. This amount 
of oil contained from 0.5 to 50.0 y of androsterone* and was applied 
at each inunction to groups of from 5 to 14 chicks. The doses used 
in the various groups are indicated in Fig. 2 and 3. The oil applied 
was absorbed within about 10 minutes, during which period the 
chicks on each dose were kept separated to prevent contamination 
through contact. Control animals which received only sesame oil 
were kept in separate cages. 

The chicks were divided into 4 groups, each group being exposed 
to varying degrees of light and darkness. One hundred and five 


3 Dorfman, R. I., and Greulich, W. W., Yale J. Biol. and Med., 1937, 10, 79. 

4Emmens, C. W., Med. Res. Council ‘‘Reports on Biological Standards—V,’? 
1939. 

5 Frank, R. T., and Klempner, E., Proc. Soc. Exp. Biot. AND MEb., TO Sip 
36, 763. 

6 Womack, E. B., Koch, F. C., Domm, L. V., and Juhn, M., J. Pharm. Eup. 
Therap., 1931, 41, 173. 

* The androsterone in this study was kindly supplied to us by Dr. Ernst Oppen- 
heimer of Ciba Pharmaceutical Products, Ine. 


Light Mopiryinc CuHicK-Coms WEIGHT 651 


animals were maintained in a large incubator in total darkness, 
being brought into daylight only during the period of treatment 
which did not exceed one hour per day. Thirty-three chicks were 
placed in a room where they received very little natural light, re- 
ferred to as “subdued”. Ninety-one animals were placed in a large, 
well-lighted, airy room where both natural and artificial light was 
adequate and in which the cage was so located that all the chicks 
received approximately the same amount of light. The last group 
of 100 chicks was placed in total darkness for the first 3 days of 
treatment and were then placed in the same room as the chicks of 
Group 3 for the second 3 days. Although a mortality of approx- 
imately 50% was noted among the groups kept under deficient 
lighting conditions, only 5% died when the animals were kept in 
adequate light. The numbers of animals referred to above repre- 
sent the surviving members of each group. 

The effect of the various light conditions may be seen in Fig. 1 
where the average body weights of each group, taken at the seventh 
day, have been presented. The inhibition to body growth, due pre- 
sumably to inadequate light, is clearly seen where a direct correla- 
tion between the amount of light the chick received and the body 
weight is made. The influence of light alone on the body growth 
of chicks had been previously reported.". The body weights of each 


NORMAL LIGHT - 61.5 gm. 


(DARK - 45.6 gm. jee 


AVERAGE BODY WEIGHTS OF CHICKS 


UNDER VARIOUS CONDITIONS OF LIGHT 
Fia. 1. 


7 Bovie, W. T., Boston Med. and Surg. J., 1925, 192, 1035. 
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of our groups were plotted against the dosage of androsterone but 
failed to indicate any correlation with the treatment. This graph 
has been omitted. 


———— NORMAL LIGAT 
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Variations in Comb Weight Increase as Influenced by Altered Light Intensity. 


In Fig. 2, the average comb weight increase of the treated ani- 
mals over the control comb weights has been plotted against the 
daily dosage of androsterone. A comparison of the curves in this 
figure shows the effect of exposing the chicks to varying degrees of 
light intensity while employing the same dose of androsterone. 
There is a slight response of the animals maintained in the dark as 
compared with those in normal light, with the groups exposed to 
inadequate light occupying a median position. It is also of interest 
to observe that the animals kept under deficient light conditions 
failed to show a corresponding comb weight increase with the appli- 
cation of higher concentrations of androsterone as did the groups 
in normal light. The curves in the “deficient light groups” tend to 
reach a plateau. The curve of the groups in normal light is still 
fairly steep at a daily dosage of 40 y, a fact rather important if this 
method is to be considered for assay of unknown extracts. 
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Comb Weight Body Weight Ratio Curve as Influenced by Altered Light Intensity. 


In Fig. 3, the ratios of average comb weight over the average 
body weight have been plotted against the daily dose. Consideration 
of the comb weight in relation to body weight tends to remove some 
of the variations occurring when the comb weights alone are con- 
sidered. 

It becomes evident that two variable factors influence the growth 
ct the combs of chicks; namely, the amount of androgenic material 
employed, and the intensity of the light to which the chicks are ex- 
posed. The light factor must, therefore, be made constant and of 
adequate intensity. With the changing seasons of the year, this 
must be borne in mind and due corrections made if a constant 
response is to be secured and sources of error are to be reduced to a 
minimum. Disregard of the amount of light available to the chicks 
may easily explain the discrepancies in results obtained by various 
workers. It is not within the province of this report to postulate 
whether the stimulating influence of androsterone is inhibited by the 
lack of light, but it is evident there is sufficient physiological inhibi- 
tion to the animal organism so that it acts as a factor in preventing 
proper response. 

Summary. Exposure to varying degrees of light influenced the 
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weight response of male chicks’ combs to which androsterone had 
been applied by inunction. The weight response of the combs to 
androgenic stimulation is considerably greater in birds receiving 
normal daylight than in those kept in the dark or in inadequate light. 
Body weights of the various groups indicate a lack of growth which 
is in direct correlation to the lack of light. The importance of 
exposing the test birds to an adequate and a constant source of light 
is emphasized if this method is to be used for the assay of unknown 
androgens, 
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Renal Physiology in Infants and Children: I. Method for Esti- 
mation of Glomerular Filtration Rate. 


Henry L. Barnett. (Introduced by Peter Heinbecker.) 


From the Department of Pediatrics, Washington University School of Medicine, 
and the St. Louis Children’s Hospital. 


The more exact methods for estimation of kidney function have 
been quite successfully employed in older children,’ but they have 
not been very widely applicable to infants because of the obvious 
difficulties in obtaining complete urine specimens. Schoenthal and » 
his coworkers” studied the urea clearance in 9 normal infants rang- 
ing in age from 2 to 11% months and concluded that the urea 
clearance corrected for surface area agreed with the values ob- 
served by Van Slyke and his coworkers for older children and adults, 
wtich indicated to them that renal function measured by the ability 
to excrete urea is as well developed in infants as in later life. Their 
studies did not include, however, the investigation of renal function 
during very early postnatal life. The method to be described here 
originated in an attempt to study the renal physiology during the 
newborn period. The single injection inulin clearance test proposed 
by Alving and Miller® seemed especially applicable to this problem. 
Inulin clearances seemed preferable to urea clearances for this study 
since it has been well established that the inulin clearance is at the 


1 Cullen, G. E., Nelson, W. E., and Holmes, F. E., J. Clin. Invest., 1935, 14, 563. 

2 Schoenthal, L., Lurie, D., and Kelly, M., Am. J. Dis. Child., 1933, 45, 41. 

8 Alving, A. S., and Miller, B. F., 4 Practical Method for the Measurement of 
Glomerular Filtration Rate (Inulin Clearance), to be published. 
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level of glomerular filtration and that the filtration rate is fairly 
constant at low and high rates of urine formation.’ 

Alving and Miller have shown that after the intravenous injection 
of inulin (10 g in adults) the plasma inulin concentration, plotted 
logarithmically against time, decreased at first in a curvilinear man- 
ner, later falling, however, in a linear or almost linear relationship 
with time. The curvilinear relationship marks, presumably, the 
period of equilibration between the blood and plasma and the extra- 
cellular fluids. The straight line relationship follows because once 
equilibrium has been established the rate of fall of the plasma inulin 
level is determined by the rate at which inulin is cleared from the 
plasma by the kidneys. Since inulin is quantitatively excreted in the 
urine after intravenous injection, and since, as previously stated, 
the inulin clearance is independent of the rate of urine formation, 
the rate of fall of the inulin in the plasma after the straight line 
relationship has been established should have a direct relationship 
with the clearance, and it should be possible to relate the slope of 
this line to the clearance. The determination of the slope of this 
line is the basis for the method here proposed for the estimation of 
glomerular filtration rate. 

The method is applied as follows: a blood sample is obtained which 
serves to correct subsequent blood inulin analyses for the non-inulin 
chromogenic material. 0.15 g of inulin per kilo body weight is 
injected intravenously. At approximately 2 and 3 hours after the 
completion of the injection blood samples are drawn. The exact 
times of the injection and the drawing of the second and third 
samples are noted. The inulin content of the 2 samples of blood is 
determined. On semi-logarithm paper the 2 blood samples are 
plotted on the logarithmic codrdinate against time on the linear 
coordinate. A straight line is drawn between these 2 points, and 
the slope of the line determined by the formula: 

K —- log C 
slope = ——-—— 
t 
where K is a constant whose value is determined by extending the 
line to zero time and taking the log of the concentration at this point ; 
C is the plasma inulin concentration in mg % at any given time, t, 
in minutes, after the inulin injection. 

The relation of the slopes of the lines obtained above to inulin 

clearance as actually determined is shown in Fig. 1. The dots rep- 


4Smith, H. W., The Physiology of the Kidney, Oxford University Press, New 
York, 1937. 
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resent data on children ranging in age from 5 to 15 years. The 
inulin clearances corrected for body size were done according to the 
technic described by Alving and Miller* and the inulin determina- 
tions by the method of Alving, Rubin, and Miller.’ Each point 
represents the average of 2 consecutive periods. The open circles 
represent points calculated from the data of Alving and Miller.* 
A fairly good relationship is shown to exist between the 2 factors. 


INULIN 100 
CLEARANCE —_go 


Percent of Normal go) 


ce/min 
rr 100 4) 


Relation of inulin clearances to slopes of lines representing fall in plasma inulin 
concentration following intravenous injection of inulin. Dots represent data on 
children from 5 to 15 years. Circles represent points calculated from the data 
of Alving and Miller. For explanation of crosses see text. 

The slope of the line obtained as described appears to offer a fair 
estimation of the rate of glomerular filtration. The method would 
seem to be of value in instances in which the collection of urine 
specimens is very difficult and in which the error in collecting urines 
is probably greater than the errors inherent in the method. This 
would apply particularly to very young infants. 

The application of this method to 7 apparently normal full-term 
newborns ranging in age from 4 to 9 days revealed slopes cor- 
responding to inulin clearances ranging from 20 to 40% of normal 
(120 cc per minute). The slopes of these lines are plotted on Fig. 1 
as crosses along the general line of the graph. The lines are shown 
as Group I in Fig. 2, That a straight line relationship in the de- 
crease of the plasma inulin concentration, plotted logarithmically 
against time, does exist in newborns after an intravenous injection 


5 Alving, A. S., Rubin, J., and Miller, B. F., J. Biol. Chem., 1939, 127, 609. 
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Lines obtained in different age poe by plotting plasma inulin concentrations 
logarithmically against time following intravenous injection of inulin. 
of inulin is shown in Fig. 2 in which 3 points on the line were ob- 
tained in 2 instances (lines a and >). The lines obtained in 4 older 
infants ranging in age from 14 days to 7% weeks and apparently 
without kidney disease (Group II) and the lines obtained by re- 
peated determinations on 2 children 6 and 10 years of age (Group 
III) are also plotted on Chart 2. The slopes of the lines obtained 
on Group II correspond to clearances ranging from 50 to 90% of 
normal, and the slopes of the lines of Group III correspond to normal 
clearances. These results suggest a definitely diminished inulin 
clearance in newborns, which rapidly disappears during early in- 
fancy, perhaps in some cases as early as the 14th day. These results 
correlate with the histological characteristics of the renal glomerulus 
in early postnatal life, a recent study of which is reported by Gruen- 
wald and Popper,® who showed that in embryonic life there exists a 
resistance against filtration due to a matting together of the glomeru- 
lar loops which are invaginated in a sac of high columnar epithelium. 


6 Gruenwald, P., and Popper, H., J. Urol., 1940, 43, 452. 
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In early postnatal life the peaks of the loops are still covered by this 
type of epithelium, while in the second year the histological appear- 
ance is similar to that of the adults. 

Further studies are needed to prove the validity of this observation 
and to further elucidate its mechanism. 
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Chromodacryorrhea, a New Criterion for Biological Assay of 
Acetylcholine. 


SuHr1ro TaAsHiro, CARL C. SMITH,* ELIZABETH BADGER AND 
EpWARD KEzuUR. 


From the Department of Biochemistry, College of Medicine, The University of 
Cincinnati. 


The peculiar phenomenon of the shedding of bloody tears by rats 
was reported in connection with the studies of dacryorrhetin, a 
compound prepared from muscle." * This phenomenon is so unique 
and easily distinguishable from ordinary lacrimation that the term, 
chromodacryorrhea, is proposed for it. It has served as a very 
convenient criterion for the biological assay of dacryorrhetin. 

When Selye® published a paper in which he quotes Freud’s ob- 
servation* that acetylcholine causes rats to shed tears tinged red 
by blood,t one of us (T) examined chromodacryorrhetic and other 
properties of acetylcholine to see if dacryorrhetin could be in reality 
acetylcholine.” The results of these investigations showed that 
these two compounds are not identical and at the same time sug- 
gested a possibility of using chromodacryorrhea as a new criterion 
for a biological assay ot acetylcholine. We have thus determined 
how small amounts of acetylcholine can be detected accurately by 
this criterion under different conditions. 


* Charles Arnold Iglauer Fellow in Biochemistry. 

1 Tashiro, Shiro, and Stix, Helen, Biol. Bull., 1935, 64, 327. 

2 Tashiro, Shiro, Proc. Am. Soc. Biochem., 1937, 8, xeviii. 

3 Selye, Hans, Canadian Med. Assn. J., 1937, 36, 200. 

4 Freud, J., Acta Brevia Neerl., 1933, 3, 159. 

+ Although no casual observer would question the presence of blood in tears, 
and it gives a positive benzidine reaction and its bands are much like those of 
oxyhemoglobin when examined with a hand spectroscope, yet Tashiro and Badger 
have evidence that the red pigment in the bloody tears is not oxyhemoglobin. 

5 Tashiro, Shiro, Kongressbericht. II. des XVI Internat. Physiologenkongress 
1938, 46. 
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Experimental. The Criterion. The phenomenon of bloody tear 
flow in rats occurs within 2-5 minutes after an intraperitoneal in- 
jection, usually following salivation and clear tears; and it is almost 
instantaneous with an intravenous injection of effective doses. If 
salivation and clear tears are absent within 2-5 minutes after injec- 
tion, usually bloody tears never flow. In the borderline cases, the 
naked eye may fail to recognize bloodiness in the tear, but with 
filter paper a slight tinge of red may be detected. In such a case, 
chromodacryorrhea is considered to be +. 

Animals. For intraperitoneal injections, rats of any size, sex 
and age are used; but for intravenous injections, young rats weighing 
100-200 g are chosen. For intravenous injection, the tail is care- 
fully washed, immersed in warm water and immediately the solu- 
tion is injected into the caudal vein by means of a 27 gauge needle 
with a tuberculin syringe.t The same rats can be used repeatedly 
if they are injected only once a day. 

Eserine Treatment. Preliminary experiments on optimum condi- 
tions for eserinization of rats show that an intraperitoneal injection 
of 50 y eserine sulfate per 100 g body weight is best for both intra- 
peritoneal and intravenous injections of acetylcholine. In either 
case, an acetylcholine solution is injected after the eserine effect 
becomes obvious (5-10 minutes). A convenient solution for eserin- 
ization is prepared by dissolving 10 mg of eserine sulfate in 20 cc 
H.O, 0.1 cc of which contains 50 y, the exact quantity necessary for 
each 100 g body weight. 

The Minimum Chromodacryorrhetic Doses. The chromodacryor- 
rhetic response was determined for 4 different cases, intraperitoneal 
injection with and without eserine and intravenous injection with 
and without eserine. The minimum effective doses chosen are those 
amounts with which a majority of rats shed bloody tears from both 
eyes detectable with the naked eyes without the aid of filter paper. 
They are expressed as the weights of acetylcholine iodide on the basis 
of 100 g body weight of the rats. The results of these experiments 
are given in Table I, in which the value for intraperitoneal dosage 
without eserine represents an average, as one naturally expects a 
wider variation under this condition. Freud states the normal 
effective dose (intraperitoneal) in rats of 100-120 g to be +6 mg, 
which we presume to be of the iodide and to mean that the minimal 


dosages are around 6 mg. 
The fact that the rat is more sensitive to intravenous injection 


t Thanks are due to Dr. A. R. Sabin for his kind suggestions as to technic of 
intravenous injection in rats. 
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TABLE I. f 
Minimal Chromodacryorrhetie Dosages of Acetylcholine Iodide, Calculated on the 
Basis of 100 g Body Weight of Rats. 


Mode of injection Without eserine With eserinized rats 
Y Y 
Intraperitoneal 2,000 50.0 
Intravenous 10-15 0.2 


without eserine than to the intraperitoneal with eserine, and the fact 
that the eserinization increases sensitivity only about 50 times 
(10-15 y to 0.2 y) in the case of intravenous injection are rather 
interesting in view of the fact that one of us (S)° found an ex- 
ceedingly small amount of the esterase in the serum of rats as com- 
pared to human serum. 

The Quantitative Assay. These minimum effective dosages can 
be used for the basis of the quantitative assay of acetylcholine, if less 
than 1 ce of the solution contains more than 0.2 y. Without eserin- 
ization, the intravenous injection gives fairly uniform results, but 
the results with intraperitoneal injection without eserine should be 
considered preliminary and approximate. The latter will be found 
useful when the available sample is large or highly concentrated 
such as in the study of acetylcholine synthesis and it will be ex- 
ceedingly accurate for the estimation of other choline derivatives 
in which chromodacryorrhea is not enhanced by eserinization. 

In either event, the quantitative assay of an unknown is done by 
determining the minimum positive and the maximum negative doses, 
accuracy depending upon the range between these two doses. For 
the actual analysis, a number of rats are weighed and about five rats 
are eserinized at the same time. Usually 0.1 cc of the solution per 
100 g body weight is injected intraperitoneally. If the reaction is 
positive, a smaller amount or a diiuted solution is similarly in- 
jected. If negative, the maximum injectable amount of the original 
solution should be injected intravenously to see if a measurable 
amount of acetylcholine is present. If positive a smaller amount or a 
diluted solution is injected. The cc per 100 g body weight with which 
the majority of rats give the reaction contain the minimum effective 
amount. Thus the concentration per cc of the original unknown 
solution will be: for intraperitoneal injection, 50 y+ ce per 100 g 
body weight containing the minimum effective dose; and for in- 
travenous injection, 0.2 y + ce per 100 g body weight. If the original 
solution is diluted, the value, of course, should be multiplied by the 
factor. 


6 Smith, Carl ©., unpublished data. 
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Individual Variation of Rats. One should remember that oc- 
casionally he will find a rat which does not respond to dosages several 
times as large as the minimal effective dose. These variations must 
be due to the abnormal condition of Harder’s glands, as one occa- 
sionally finds one or both glands lacking in some rats. There will be 
also a slight variation around the minimal dosage. Thus, if a large 
number of eserinized rats are injected intravenously with 0.2 y 
acetylcholine iodide, there will be some which fail to shed bloody 
tears, although usually all will shed them with 0.3 y dose. This 
variation is not due to a difference in sex or age. It is not probably 
due to variation in the esterase activity since a similar variation 
does occur when examined with the minimal dose of another choline 
derivative which is not destroyed by esterase. It is most likely due 
to a physiological condition of the glands, in which a slight change 
might be sufficient to produce a different response to the minimal 
dose. In any event, by selecting the minimum dosages in which the 
majority of rats shed bloody tears, this variation can be ignored. 

Specificity of This Test. Chromodacryorrhea is not a specific test 
for acetylcholine any more than other methods of biological assay 
of acetylcholine. According to Freud, 0.5-1 mg of pilocarpine gives 
the reaction, but 20-80 mg of choline have no effect. We also find 
that choline and eserine do not produce chromodacryorrhea, al- 
though we noticed a few cases in which the animals shed the bloody 
tears during their death struggle following injection of very high 
toxic dosages of these compounds. Such rare cases will not in- 
terfere with the assay, for a mere dilution will eliminate the reac- 
tion. A powerful chromodacryorrhetic action of dacryorrhetin, 
although prepared from muscle, should not interfere with this test 
in a tissue analysis for acetylcholine, as this substance exists in the 
body as prodacryorrhetin which has no chromodacryorrhetic action. 
If necessary, one can easily distinguish dacryorrhetin from acetyl- 
choline by comparing the effective doses with and without eserine, 
as the action of the former will not be appreciably enhanced by 
eserine. 

Summary. 1. By using chromodacryorrhea, the phenomenon of 
the shedding of bloody tears by rats, as a criterion, acetylcholine can 
be detected in as small amount as 0.2 y. 2. Since there are 4 ranges 
of minimal dosages detectable with this phenomenon, from 2 mg to 
0.2 y, depending on the mode of injection and treatment, this same 
criterion can be used for a wide range of concentration of acetyl- 
choline with accuracy. 
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Effect of Depriving Newborn of Placental Blood upon Early 
Postnatal Blood Picture. 


Q. B. DEMarsu, W. F: WinpDLE* anv H. L. Att. 


From the Anatomical Laboratories, Northwestern University Medical School, 
Chicago. 


Within the last few years, the collection of postpartum placental 
blood for “blood banks” has been strongly advocated not only in 
Russia’ but also in Canada? and in this country.» ** It has been 
pointed out that this is an inexhaustible and “lucrative” source of 
blood, satisfactory for transfusion purposes, and that its collection 
has no deleterious effect upon the mother. Possible effects upon the 
child have been disregarded because it has already become a rather 
common obstetrical practice to clamp the umbilical cord promptly at 
birth in spite of the fact that most of the placental blood normally 
drains into the body of the infant within a few minutes when the 
umbilical cord is not clamped immediately after delivery. When the 
cord is clamped immediately, the infant is deprived of an alarming 
proportion of its total blood volume and usable iron at the very be- 
ginning of extra-uterine life. We have obtained proof that this 
blood-letting at birth affects the blood picture of the newborn sig- 
nificantly. The practice should be strongly condemned. 

We have determined the amount of hemoglobin and number of 
red blood corpuscles in blood taken from the mother on the day of 
birth, in cord blood at birth, in blood from the newborn (heel) 15 
to 75 minutes after birth, and from the infant at one, 3 to 4, and 6 
to 7 days after birth in 2 series of patients. In one series of 25, the 
umbilical cord was clamped within 30 seconds after delivery; in 
another series of 29, clamping was delayed until pulsations had 


* Aided by a grant from the John and Mary R. Markle Foundation. 

t Department of Medicine. This investigation was conducted at the Cook 
County Hospital, on the service of Dr. David S. Hillis, whose cooperation is greatly 
appreciated by the authors. 

1 Bruskin, Y. M., and Fackerova, P. S., Soviet Vrach. Zhur., 1936, No. 20, p. 
1546 (cited by Gwynn and Alsever). 

° Goodall, J. R., Anderson, L. O., Altimas, G. T., and McPhail, F. L., Surg., 
Gyn. and Obst., 1938, 66, 176. 

8 Grodberg, B. C., and Carey, E. L., New Eng. J. Med., 1938, 219, 471. 

4 Gwynn, C. A., and Alsever, J. B., Am. J. Med. Sc., 1939, 198, 634. 

5 Heyl, W. M., Am. J. Obst. and Gyn., 1940, 39, 679. 

6 Haselhorst, G., and Allmeling, A., 7 f. Geburtsh. u. Gyndk., 1930, 98 103. 
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ceased and the placenta had separated. Hemoglobin was deter- 
mined in grams percent with a calibrated Hellige-Sahli instrument. 
Red blood corpuscle counts were made with a Spencer hemo- 
cytometer (N.B.S.). Reticulocyte counts were obtained in 4 infants 
whose cords had been clamped immediately and in 4 in which 
clamping had been delayed. 

Complete data will be published in a future article. The um- 
bilical cord blood at the end of gestation in both series contained 
about 15.7 g of hemoglobin per 100 ce and about 4.5 millions of red 
corpuscles per cmm. Within a brief period of time after birth— 
averaging less than an hour in our experiments—the amount of 
hemoglobin and number of corpuscles in the newborn’s blood in- 
creased markedly. Values rose to 21.3 g % Hb and 5.93 millions 
R.B.C. in those infants allowed to retrieve their placental blood. In 
those deprived of the placental blood by immediate clamping of the 
umbilical cord, the values rose only to 18.9 g % and’5.57 millions 
R.B.C. in the same interval. The amount of hemoglobin and 
number of corpuscles increased further during the course of the 
first postnatal day (22.5 g % Hb and 6.22 million R.B.C.) in the 
infants receiving their normal share of placental blood, but not in 
those deprived of it. The former group maintained higher values 
throughout the period under investigation. 

One difference between the two experimental groups manifested 
itself on about the fourth day of life. Hemoglobin reached a peak 
in both series at that time, but those infants deprived of placental 
blood at birth exhibited an increase in hemoglobin, amounting to 
1.4 g % above the one day average; while the other group showed 
arise of only 0.5 g %. In neither series did the red corpuscle count 
ise, 

Reticulocytes reached a peak at one day after birth. Ina group of 
4 infants whose cords were clamped immediately, this amounted to 
8.3 % as compared with 4.7% in the 4 infants of the other group. 

Our experiments have demonstrated that failure to allow the 
placental blood to return in large measure to the infant at the time 
of delivery is equivalent to submitting the newborn to a hemorrhage. 
Acceleration of hemopoiesis appears to occur in an attempt to make 
up this loss. It can not be doubted that a drain is placed upon the 
infant’s iron reserve, and at this time in life it can ill afford such a 
loss, for it must get along with what iron it has in its body at birth 
until the nursing period is passed. 

Our experiments may help to reconcile a persistent disagreement 
in the literature regarding hemoglobin and corpuscular values in 
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man at birth.’ Some investigators have obtained results comparable 
with our determinations in cord blood and others have found 
higher values similar to ours in blood drawn from the infant after 
delivery. The exact source and time of collection of newborn blood 
have not always been stated. The difference which we have found 
between cord (venous) blood at the moment of birth and capillary 
blood from the infant less than an hour later is truly surprising but 
may be more apparent than real. A similar difference between 
venous and capillary blood has been reported in pernicious anemia 
but not in normal adults.* It is possible that macrocytes in the blood 
of infants as well as of P.A. patients block some of the capillaries 
and thus effect a concentration of corpuscles. 
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Cerebellar Action Potentials in Response to Stimulation of 
Cerebral Cortex. 


Howarp J. Curtis. (Introduced by E. K. Marshall, Jr.) 


From the Department of Physiology, The Johns Hopkins University School of 
Medicine, Baltimore, Md. 


The problem of functional localization in the cerebellum is one 
which has received considerable attention. Recent comparative 
anatomical studies’ and ablation experiments” have supported a 
division of the cerebellum based on afferent fiber connections. Re- 
cently Dow* has recorded action potentials in the cerebellum as a 
result of stimulating various afferent fiber tracts, and his results 
are in accord with Larsel!’s anatomical findings. The present work 
is an attempt to explore by the oscillographic method the projections 
of the cerebral cortex to the cerebellar cortex. 

Methods and Results. Twelve cats, under barbiturate anes- 
thesia, were used in this work. The method of stimulating and 
recording is described elsewhere.* Single electrical shocks were 


7 Waugh, T. R., Merchang, F. T., and Maughan, G. B., Am. J. Med. Sc., 1939, 
198, 646. 

8 Duke, W. W., and Stoffer, D. D., Arch. Int. Med., 1922, 30, 94. 

1 Larsell, O., Arch. Neurol. Psychiat., 1937, 38, 580. 

? Fulton, J. F., and Dow, R. S., Yale J. Biol. Med., 1937, 10, 89. 

3 Dow, R. S., J. Newrophysiol., 1939, 2, 543. 

4 Curtis, H. J., 1940, in preparation. 
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applied to the cerebral cortex by means of bipolar electrodes about 
1 mm apart resting lightly on the pia. Monopolar recording was 
employed, the active electrode being a chlorided silver wire in light 
contact with the pia of the cerebellar cortex. Fig. 1 is a record of a 
cerebellar action potential obtained in this way. Following. the 
shock artefact there is a surface positive wave having a latency of 
about 25 msec to the crest of the wave, and a second positive 
wave having a latency as long as 200 msec. The second wave by 
no means always accompanies the first, but the factors causing 
this wave have not been determined. 


Fig. -1. 

Cerebellar action potential recorded from Crus I, Lobulus ansiformus, as a 
result of a single electrical shock applied to the middle suprasylvian gyrus. The 
initial upward deflection is the shock artefact. Downward. deflection indicates 
a surface positive potential. Time marks, 60 cycle; calibration mark, 200 yV. 


Stimulation of one cerebral cortical point may produce simul- 
taneous potentials in as many as 14 distinct points on the cere- 
bellar cortex. Considering the extensive foliation of this struc- 
ture, it must be true that only a small fraction of the total surface 
was explored; the total number of points which yield potentials 
must be far greater than this. The most easily detected potentials 
are on the contralateral side, and in general for each of these poten- 
tials there is a smaller potential on the ipsilateral side at a point 
roughly symmetrical to it. 

If the stimulus is well localized the cerebellar potentials may be 
very sharply localized; a point exhibiting a large potential may be 
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only 1 mm away froma point which shows no measurable potential. 
On the other hand, when the stimulating electrodes are moved the 
pattern of the potentials on the cerebellar cortex is changed, but the 
potential at any single point may remain almost unchanged while 
the stimulating electrodes are moved by as much as 2 cm. This 
phenomenon is not due to a spread of the stimulating current, since 
a displacement of the stimulating electrodes by only 1 mm will 
often very markedly change the pattern of the cerebellar response. 

None of the areas in the cerebral cortex which have been explored 
has failed to produce at least one potential in the cerebellum, and 
these areas include the sigmoid gyrus, marginal gyrus, middle 
suprasylvian gyrus, and middle ectosylvian gyrus. It was found 
that with the exception of the declive and tuber vermis all of these 
areas project to the neocerebellum’ and to the posterior part of the 
anterior lobe. Fig. 2 shows a dorsal view of the cerebellum; the 
cross hatching indicates regions from which potentials have been 
recorded, shading indicates regions explored without finding po- 
tentials, and the unshaded regions were not explored. There seem 
to be no anatomically distinct regions which can be said to be asso- 
ciated with particular areas of the cortex. In other words, any 
given region in the cross-hatched areas of Fig. 2 may receive im- 
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Fig. 2. 
Diagram of dorsal view of cat’s cerebellum showing regions from which 
potentials have been obtained as a result of stimulating the cerebral cortex. 
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pulses from any or all of the areas of the cerebral cortex which 
were explored. 

The application of a small quantity of 0.3% picrotoxin solution 
to the surtace of the pia over a small region exhibiting one of these 
potentials, radically changed the size and shape of the recorded 
potential. The initial surface positive wave was immediately fol- 
lowed by a large surface negative wave, giving the response a di- 
phasic appearance. The effect seems to be quite similar to that 
observed in the cerebral cortex* except that it is necessary to use 
more concentrated solutions in the case of the cerebellum to evoke 
the response, a fact which may explain why Dow? failed to observe 
“strychnine spikes” in the cerebellum. 

Discussion and Conclusions. These results appear to support and 
extend the ideas of functional localization in the cerebellum® as 
opposed to those of anatomical localization.’ They indicate that 
there is no region in the neocerebellar cortex which can be said to be 
particularly related to any region of the cerebral cortex. Since the 
cerebellum has come to be known as an organ of synthesis and co- 
ordination, it would hardly seem strange (a) that many dif- 
ferent functional areas in the cerebral cortex are connected with a 
single point in the cerebellum, and (b) that a single cerebral cortical 
point projects to a number of cerebellar foci. This is in good agree- 
ment with Dow’s work® in which he found that stimulation of 
spinal nerves produced a pattern of potentials in the anterior lobe of 
the cerebellum which changed very little when nerves from different 
parts of the body were stimulated. 

The fact that most of the individual cerebellar potentials obtained 
in the present study are very sharply localized perhaps throws some 
doubt on the concept of mass function of the cerebellum, at least as 
far as the afferent connections are concerned. The results indicate 
that a relatively small number of cerebral cortical efferents are 
capable of exciting a large number of small isolated cerebellar units. 
Thus it appears probable that a single cortical efferent makes synap- 
tic connections with several cerebellar afferents in the pontine nucleii. 
The occurrence of multiple potentials over the surface of the cere- 
bellar cortex cannot be due to spread of excitation there, since there 
is no very appreciable difference in latency between the potentials 
recorded from the different points which form any one pattern. 


The distribution of potentials shown in the map of Fig. 2 is, in 


5 Dow, R. S., J. Physiol., 1938, 94, 67. 
6 Sherington, C. S., in Schafer, Textbook of Physiology, 1900, 2, 884. 
7 Bolk, L., Das Cerebellum der Saugetiere, 1906, Harlem, Bohn. 
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general, what one would expect from the known cerebellar afferent 
connections assuming that all cerebro-cerebellar connections are 
effected by synapses in the pontine nucleii. Dow,* by directly 
stimulating the pons, obtained potentials not only in all areas from 
which potentials were recorded in the present work, but also in the 
declive and tuber vermis, pyramis, and paraflocculus. The fact that 
no potentials have been obtained from the declive and tuber vermis 
on cerebral cortical stimulation is interesting in view of the fact 
that Larsell* includes this part of the organ in the neocerebellum. 
It should be emphasized, however, that one must interpret the ab- 
sence of potentials with extreme caution. 
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SECRETARY’S REPORT 
April 1, 1939—March 31, 1940 


The annual meeting of the Council took place March 15, 1940 at New 
Orleans. Members present: Doctors Doisy, Gasser, Leake, Meek, Smith, Sos- 
kin and Thienes; by proxy, Doctor Adolph (for Dr. Hodge), Dr. Green (for 
Dr. Ingram), Dr. Myers (for Dr. Hayman), Dr. Roe (for Dr. Leese), and Dr. 
Tainter (for Dr. Meyer). 

Membership. The Council elected 103 applicants for membership, pre- 
viously approved unanimously by the National Membership Committee. The 
Council elected 5 appheants not unanimously approved by the Membership 
Committee. The Council approved the recommendation of the National 
Membership Committee that action on 4 applheations be deferred pending 
further publication. (The National Membership Committee by a majority 
voted to defer action on 23 applications pending further publication.) 

The Council unanimously voted that only those applications for member- 
ship received by the Secretary-Treasurer by December 15 shall be forwarded 
to the National Membership Committee for report to the Council at its an- 
nual meeting. 

The following resignations were accepted with regret: Doctors M. L. 
Mareen, We Se Wailic INS del MK ID ish, IMhvain, Wel do lhe Lite (Cabo, WWio iG 
Hamburger, J. Markowitz, F. L. Meleney, L. F. Rettger, H. B. Richardson, 
H. Sommer, A. Steindler and W. G. Young. 

Five members were declared in arrears and dropped from the member- 
ship list. 

Two members in China were given an extension of time to clear their 
accounts. 

Doctors Gary N. Calkins and P. A. Levene were declared emeritus 
members. 

Ballot. The Council unanimously voted that the ballot with nominees for 
national offices shall be distributed to members within 30 days after the 
annual meeting of the Council. 

Honorary Members. The Council approved the recommendation of the 
Committee that the Society discontinue the election of honorary members. 

Finances. The Treasurer reported a deficit of $2,319 for the 11 months’ 
period April 1, 1939 to March 1, 1940, or about $2,500 for the fiscal year. 
(Details are given in the Treasurer’s annual report). This deficit was due 
primarily to the following: 

1. Greater increase in size of ProcespinGs than had been anticipated. 

2. The low charge for excess space, 20 percent of cost. 

3. The low membership dues. 

This deficit will be paid from accumulated profits of preceding years, viz., 
Surplus Fund. 

To meet the expected deficit for the coming year, the Council approved 
the following changes: 

1. Increase the charge for excess space from 20 to 40 percent of cost. 

2. Increase subseription price (to non-members) from $6.00 to $7.50 a 

year. 

3. Use interest of Surplus Fund. 
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By-Laws. Suggested changes in the by-laws were proposed. It was de- 
cided to request the President to appoint a committee of three in or near 
New York to consult with the Secretary-Treasurer to propose changes in the 
by-laws. 

Editors. The following were elected to the Editorial Board: 

C. A. Elvehjem, in biochemistry of vitamins 

R. J. Dubos, in physiology and metabolism of bacteria 

HK. M. K. Geiling, in pharmacology 

E. M. Marshall, Jr., in pharmacology. 

National Membership Committee. This committee held its annual meet- 
ing March 15, 1940, to reconsider those applications for membership which 
had not been unanimously approved by them. Their findings were reported 
to the Couneil, (see above). A further effort was made to define more pre- 
cisely what constitutes eligibility to membership. 
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December 8, 1939 
January 12, 1940 
February 9, 1940 
March 8, 1940 
April 12, 1940 


Chairman: 


Meetings: 


Chairman: 
Meetings: 


Chairman: 


Meetings: 


Chairman: 


Meetings: 


Chairman: 


Meetings: 


Chairman: 


Meetings: 


Chairman: 


Meetings: 
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District of Columbia 


C. E. Leese. Secretary: D. B. Jones. Members: 42. 

U. S. Public Health Service, December 7, 1939 
Tllinows 

T. E. Boyd. Secretary: A. Weil. Members: 139 


University of Chicago October 24 1939 

University of Illinois Medical School, December 12, 1939 
Northwestern University, January 23, 1940 

University of Chicago, April 9, 1940 

Northwestern University, May 21, 1940 


Iowa 


E. D. Plass. Secretary: T. L. Jahn. Members: 39 
State University of Iowa, February 14, 1940 
April 26, 1940 


Minnesota 


F. H. Scott. Secretary: F. H. Seott. Members: 51 
University of Minnesota, October 18, 1939 
December 20, 1939 
February 21, 1940 
March 20, 1940 
April 17, 1940 
May 15, 1940 


Missouri 
A. B. Hertzman. Secretary: H. L. White. Members: 55 
St. Louis University Medical School, October 11, 1939 
Washington University Medical School, December 13, 1939 
St. Louis University Medical School, February 14, 1940 
Washington University Medical School, April 10, 1940 
St. Louis University Medical School, May 8, 1940 


New York 


J. C. Hinsey. Secretary: I. Greenwald. Members: 453 
New York Academy of Medicine, October 18, 1939 
New York Medical College, November 22, 1939 
Cornell University Medical College, January 24, 1940 
New York University, February 28, 1940 

Rockefeller Institute, April 24, 1940 

College of Physicians and Surgeons, May 22, 1940 


Pacific Coast 


A. W. Meyer. Secretary: C. Weiss. Members: 101 
University of California, October 21, 1939 

Stanford University Medical School, December 8, 1939 
University of California Hospital, February 7, 1940 
Mount Zion Hospital, March 8, 1940 
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Peiping, China 
Chairman: A. B. Fortuyn. Secretary: F. T. Chu. Members: 30 
Meetings: Peiping Union Medical College, October 25, 1939 
February 7, 1940 
May 9, 1940 


Southern 
Chairman: H. S. Mayerson. Secretary: R. Ashman. Members: 41 
Meetings: Tulane University, November 3, 1939 
January 26, 1940 
Louisiana State University, May 3, 1940 


Southern California 
Chairman: E. Bogen. Secretary: M. S. Dunn. Members: 40 
Meetings: University of Southern California, October 12, 1939 
Los Angeles County General Hospital, November 30, 1940 
Monterey, Calif., December 20, 1940 
Scripps Institution of Oceanography, March 2, 1940 
University of California, Los Angeles, May 2, 1940 


Western New York 
Chairman: E. F. Adolph. Secretary: H. C. Hodge. Members: 62 
Meetings: Syracuse University, October 14, 1939 
University of Buffalo, December 9, 1939 
University of Rochester, February 17, 1940 
Cornell University, May 18, 1940 


Wisconsin 
Chairman: W. E. Sullivan. Seeretary: O. O. Meyer. Members: 41 


MEMBERSHIP 
Members, March! yo il 5.03 Oot ener ene ee een 1488 
Hlected: during “year 2c is cg ee 23 
Total (cctv eR ee ee ele ee rs 1511 
ROGISNAHHOMS, Ve ccashecessd eh ses ted ere en 5 
Deatins ss tcc h Secret te ois ee ee aot ell 
ANP CRIS seen betes ees cen Sasa eee oe 10 46 
Total Membership;: March 81,1940 2225 eee 1465 
1930 1940 
Membershipia.. seen 1026 1465 
Subseriptions; (Mareh 131, 1.040. sve pees a ce 608 


Deratus oF MeMBERS 

The Council records with regret the deaths of the following members: 
Doctors H. V. Atkinson, A. H. W. Caulfeild, C. B. Coulter, D. M. Cowie, 
G. E. Cullen, H. W. Cushing, W. T. Dawson, F. P. Gay, R. H. Jaffe, F. 'S. 
se H. A. MeCordock, KE. B. McKinley, D. Perla, O. H. Plant; and I.-C; 

en. 

Dr. O. H. Plant was a member of the Editorial Board from 1936 to the 
fall of 1939. With his death the Society lost a genial, devoted, considerate 
and eminently fair member of the Board. He aided materially in developing 
an ever better standard for the ProcrEprnas. ; a 


TREASURER’S REPORT 
April 1, 1939-April 1, 1940 


DlencerOne band. paprilels O30 ae au renmeee co eee, Ce ee 


Income 
IO SWTSISS » eet AC SE ne at ee es ee Renn Maa $ 5,959.25 
SEG Jo eH) a ee ee ene a= ee eee 2 ee a 4,120.48 
SS ee se ee tes ers aaa, Ae eS Se es 1,244.45 
CADIS, ot ee re, Slate een ee ere ee a Ee 789.12 
Changes .......... Cte Sites Gk SP Oe Rem ne? eens See 66.39 
SEL SCIP ULO Ms emma arte seek eee ee oe eee 3,814.48 
Backes aNumiber sige wien eres usr em. See cs Nee eo Ae 185.54 
Interest from special accounts. .....225.- ce. -1-e- ceases 77.64 
Micelle Tis merece ee cane ee caret ee ee 25.62 


Total Cash Available, April 1, 1939-April 1, 1940 


Disbursements 
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$ 7,433.16 


$16,282.97 


$23,716.13 


$15,848.66 


$ 3,111.05 


$18,959.71 


4,756.42 


$23,716.13 


| BANeINATL,SAV EQ” e-em ae el meer ed $10,958.70 
ARGeno igi Steen ere fone eee se Fat een os eee EE ee 4,053.38 
COURS af er ae ed le PE he a 836.58 
Office Supplies, Postage, Telephone........................ 686.45 
SGT wae Ee OR ee ae ren ene eae ee aire cee oe 2,205.00 
SHOES NOK WGA oe et ree ales: 
Mins Gell ant eo Uy Se pees ete eee ee eee eens oes 148.47 
Casta, lolesa@a, Gaya abs 0 i eee oe ere eee 
SUMMARY 
CTV TASS G10) 9)! EK a re ee ee $16,282.97 
URES We hele 5 cA Noy Ys 0) ee Eee ee 18,959.71 


Deficit $ 2,676.74 
Interest from Surplus and Endowment Funds _ to 
JOS SG eect oe cnt eee dee ieee eo re i ty eee a 1,161.51 


Net Deficit $ 1,515.23 
Bills receivable—$889.98 
Bills payable—None. 
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Funps 
Endowment Fund 

April hy OB cc sss eee eee cesses eee $17,304.68 

Interest to. Ayoril 1, LQSQi ee sso c. acc ce en memes 661.27 
————— $17,965.95 

Invested in New York Title and Mortgage Co................. $ 5,880.00 

Title Guarantee and Trust Co... 2. 2,000.00 

Ihawyers! Mortoace (C0. ee rere 1,500.00 

BO Wetayians SVT OS al cn Ke eee eee 2,989.46 

United States= savancs Bonds meee eee 1,875.00 

Mra cll irey: ea eee cS ee eee eee eee 3,721.49 
$17,965.95 

Surplus Fund 

April DL, 1 QB eee os eee ccs eee e $10,924.16 

Imterest tomAsorill Ay O40 oe eee aoe eee ene 500.24 
$11,424.40 

Invested in Title Guarantee and Trust Co.................... $ 2,850.50 

= Jalandlerny (Se inneverss. TBM one cc erence 824.71 

United States Savings Bonds......................- 1,875.00 

Mndustrrall eS O11 Sane ee ee 5,874.19 
$11,424.40 

Life Membership Fund 

Invested in Railroad Federal Savings and Loan... $ 75.00 


Auditors’ Report 


We the undersigned have this day examined the Treasurer’s report and 

find it to agree with the books of the Society. We believe that the records 
of the financial transactions are accurate and in good order. 
‘ We reiterate the request of previous committees that a certified public 
accountant should be engaged to make periodie audits of the Treasurer’s 
records for the protection of the Secretary-Treasurer and the members of 
the Auditing Committee. 
(Signed) AtexanpEerR B. Gutman 
Homer W. SmitH 


Wittiam S. Tinierr 
May 3, 1940. 
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MEMBERS’ LIST 


Honorary Memeers 


ETE TUES SoS SU PTY) RA sl PY Rockefeller Inst. 
LEE SLLURG A VTELISE 17000 & RSQ toler ean oneene ane ie eaenneMmeMememer Frit os key ol-abatel Morty 
AE OCGA NV i icra eee ees ee re wd od Ree es oF ee et Harvard Uniy. 
UNCON EI AGI Ve [2 oe oe eee See one a ee AIC Lo Paris, France 
Tere PUA TLNTES oat oF 21 Ua C1 Ye ae so ER oC Oe aa Munich, Germany 
MepMBERS 

POecUNY SC Ct ea) can eer eee eee es re a May Inst. Med. Research, Cincinnati 
PACD EAM SOM al WA cee, otaerrs eee ss: Coll. Physicians and Surgeons, New York 
ISG, ERR th oe ee ee re ee eee eee ee oe Northwestern Univ. 
BANS CLINICS atop MIA GUN tns J ciee ews. eee Sent eer ee ts Mount Holyoke Coll. 
JAR YOU TAKS ANY "fru MENG Tg CTR Bd jp Oe es ee es Sea Pane ee er fee SNE wee Jniv. of Chicago 
DNS Wie 24 BONG P TOES ae ee ene en ee Stanford Univ. Med. 
PAO NES Ree De Se SE ie Rae ee ee ee eee Beth Israel Hosp., N. Y. 
BANCO LO RMB N ere feo esc A aE ee Me Univ. of Rochester Med. 
Adolph; We Es... - Rep Aen Fd 5 aR eRe: con 17 ei Ee NER EPR Peiping, China 
JNIGS aN ig, Teena Doe ee eae ry ee ee ie one Washington Univ. 
ilenmmpenneiaWic =. oye oe Univ. of Calif., L. A. 
SINS a, LORS Wet Ree eer ee oe he i SP eee ee Yale Univ. 
ANUS.» AMY STILE Ta 1 I A ee ee ae, Oe ey eR een ee ee Univ. of Oregon 
Bu Wies, CBts, a ab vn 8a aie oe Meee eC ee eg Yee mee NE San Marino, Calif. 
AN vag Faust tiy E L eA Res ae eae Pe oe ol ee Mae es ae a en EN Univ. of Calf. 
ANI TB Rong gel 18, Sg ee aa eg re Northwestern Univ. Med. 
JAI SLaVeRDISpeNG a ANT itp: RS sey oe: el Baker ary ap ee ee eee Univ. of Calif. Med. 
CRE TN hed OIESs SatciaeNes Sea oN eS et oe baer ae ee Beth Israel Hosp., Boston 
RUIN ESU OAS AIS tS Bk ee Sy Se A en i ee ee re Wayne Univ. Med. 
BAU eee MANN Ceaibe Te BO ee eese te oo eveeen a ae ec sac Sone ee ee een teee Me cas Mayo Clinic 
JRIRS EER, JING ONS Ye oa IR Sa oa See ery ian RE eee ore tie Univ. of Chicago 
Arsmalerasree, SUES been sce a le ee ee eer re Mayo Clinic 
NGA RETRO NN ep LR eee en a an ei Univ. of Maryland Med. 
PAU CSS omED eieO) CM ieee ee ete 2 eee: ee eee ney ee Rockefeller Inst. 
MNingleresermy, IDYonco aby se Sen re es Coll. of Phys. and Surg., N. Y. 
NT GIGTRS Us lays Lip eat ne ae ene Nr a Peiping Union Med. Coll. 
ANGINGRTES ON ae “Ala: VIB ed sec are aR ee ee eres eee eer ee Univ. of Minn. 
ANOCICTEE OI, AOU. Uh. 8 need bees ore ore ree E. R. Squibb & Son 
AN TaVOKSTRS Ora, TRADE ISO OY A sero eee tie Pi oe Pe ee Yale Univ. 
ANainGleseseoriley WWMM Giana Ne aa eee eee ee eee er eer Springfield, Mass. 
PAGTGL TE Cassa 2h CTINOL ID Gl ppeermete ae Re face a rode eas eR as as Bloomington, Ill. 
PADIS ACIIOT MOREL AM se o.oo. Ses efoto ceesees Squibb Inst., New Brunswick, N. J. 
EXCESS OPI COA WYOTIN OCT ees ee oe eee, Se ee oer Beth Israel Hosp., Newark, N. J. 
NGOS BET Aired OA 90 FAD Sage ia Oa ene ee Pee Med. Coll. of Va. 


PROS DE OUI gO MATA CS secs cssetpdasee eared ara2a5 on: National Inst. of Health, Washington 
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Arnold, Lilosy dc. sec.s-:eazesee etre conc ct seen Soca eee an aera a Univ. of Ill. 
AOnisomy 1d oD isssccgcacceces-cezetucrcecte st cs soe cece ee ee Henry Phipps Inst. 
Asdelh, Sc Aisecc cc ciecececctetttecees strane coe0eucstetae toate eee eae a Cornell Univ. 
Asher, Leon sssccccrebe eth i ie creeetitatenscecesce cmeemeaen ee eee ener Berne, Switzerland 
PeNeslotaays aly, | RAK) NEHA 0 eee re ea eee leech wre ccoceestees eee Louisiana State Univ. 
A smiumdsoriy. Veo sasct teactecet toes cot Scenes Ps ce ae ee re ae cade nee Uniy. of Cahf. 
DAA hal Goys D5 Wes oe eee ae Presbyterian Hosp., N. Y. C. 
Atwell, Wayne J.......... Pes ace I de anes Se ane Univ. of Buffalo 
“ATi OSE Le Ce eres seen eee Huntington Memorial Hosp., Boston 
Avner, Jeo Ririgcsscb 2 ott ae cch cc tines esc me St. Louis Univ. 
‘Austin, J. Harold ager iis ce cee. cedar teenie eee neon te oae Univ. of Pa. 
Avery, Bs is 2323 nen ee ee Am. Univ. of Beirut 
Avery Qocy cts cok oe eee a Sree Rockefeller Inst., N. Y. C. 
Avery, Roy Gites... ee eee Vanderbilt Univ. 
Aryooek,: Wisplite Sse sect sex ce ce ee eee Harvard Med. 
abkin,) Boris? Pe .2 cs.05. fie. 2 oe ee ee McGill Univ. 
Bachem cA Iberts.. 22 25 ee ee ee Uniy. of Ill. Med. Coll. 
Baelir; George cei. ee Mt. Sinai Hosp., N. Y. C. 
Bagg: Halsey) 2.2 nce ee Memorial Hosp., N. Y. C. 
Balhrs,: Alice M5 tical Ye saaaseces oes acts eee cee eee eee Portland, Ore. 
Bailey, Cameron V.2.ce4 ee ee ee N. Y. Post-Graduate Med. 
Bailtsell, Georges Aco: cec ste ess ee een Yale Univ. 
Baker, UillrayieW a2 si050 eek eee Aen eee eee Rockefeller Inst. 
Bak-win abla nr y= sores eee oer teens Re N. Y. Univ. Med. Coll. 
Baldwin, Kirancis. Mos ee on ee Univ. of S. Calif. 
Ball (Gi Hes eaten ts sed ae cere aa ok Es sae Se Uniy. of Calif., L. A. 
Ball, SHA snk hol oe eine See ey cnc ee San Diego, Calif. 
Boal sive SG ae Se he el, ie pee eo U. S. Dept. of Agr. 
Banting, .Prederiek Gee c.3.. set eed ee Univ. of Toronto 
Barach, Alvan L.............. eee kine bee Coll. of Phys. and Surgeons, N. Y. 
Barber; We Howard...)4 4 ee New York Univ. Med. 
Barbour, Henry? Gyce: icici eee Yale Univ. 
Barer Adelaide: ? Sx. ccc htccee eee ee eee State Univ. of Iowa 
Barlow, Os) Wiiess S.csten i eee Rensselaer, N. Y. 
Barnett, George: Dio. wale. eee Ce Stanford Univ. 
Barry” David Pe ete so sso- rt’, iphcccd ace Washington Univ. 
Barron,: BoASGi 22 o.cs vo ae Univ. of Chicago 
Barth, Tat Goi o2 Seon Atha tere Columbia Univ. 
Bartley, 8.2 bigot. ee Washington Univ. 
Bags, Charles foo Geyser. scst- conte ee Tulane Univ. 
Bashy oT H a a sepe ae sire. nest Univ. of Wisconsin 
Bates, (RoW core oe eter ke, ee Carnegie Inst. of Washington 
Batrer,< diy Hace ee Seen Peed SR eee tS Rockefeller Inst. 
Bauman, Louis ne sree se ee Presbyterian Hosp., N. Y. C. 
Baumann,’ 1: Joe meager) ee Montefiore Hosp., N. Y. C. 
Baumberger,’ J7 Pereyin. 6... te ees Stanford Univ. 
Bayrie-Jones,: 8... scgeepivcs: Us al eclos tae ee ee Yale Univ. 
Bawett,  Eh.~ ©. ccc-c<cedcentesseccecse srs ees oe ae Univ. of Pa. 


ated scbie sae sueetns enw asthes aes ae ae Univ. of Mich. 
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Byes wale WEL 1a I eee nc, a eee en ae Cae Louisiana State Univ. 
Foe erm mR ee i ON on nde etl endl ascii luce he acieas shoe Duke Uniy. 
1 RSCG 1 oF Rade OE ne =o RET roe RE LL Stanford Univ. 
| En GON oN LY Ra ee Western Reserve Univ. 
Exc Kerraes lee terre ey wee ar +2 mee Sie ee Pied oy EN ee Iowa State Coll. 
Ea SUPE FE 5 IES Cs Ss oe ee OE UE Marquette Univ. Med. 
[Blaeltevgaitrlat yo dad D ea Ae see eek ee eee ne Oy a ee Univ: of Calit:, LL. A. 
Behan Came eu TIn CL bene Niet eter ht ns Me Ret Cornell Univ. Med. Coll. 
Set air ome) srl Gl lan = 2 ees Serene Sie: ele oe Oh ts a a oe te Boston Univ. 
ENO Bir hs TES Sa Ra ee OI LR oR ER Se Mt. Sinai Hosp., N. Y. 
VEE i As CE. ee National Inst. of Health, Washington 
ESO See ee oe I ey ee Ce oe A Columbia Univ. 
TESS Cr dh ei a ae et nea 2 Seeer TET State Univ. of Iowa 
Eee orm ULLICUTIT ON coe eee reenN Eases CEL iy bee DS Sater, Ft See ee Na Wh Cihisy 
IES eo Cobian ap) sty pee ees ete es EE oh 8 oo Univ. of Tl. 
NESE CORDED: wd eh are ee ee ee Se ale Spree ed Rockefeller Inst. 
iB crniberd eA‘ Opie a eesn Soe ees ee, Lenox Hill Hosp., N. Y. City 
NEvecrera tatu ee yan (ey eee ances geen 2 Ee ihe es ea oe eae Uniy. of Mich. 
IBySiaiey (CPN reget PAR Nee ok eo Raia enn re mnren Eau Univ. of Rochester Med. 
Ee Tig | Pe a Hahnemann Med. Coll., Philadelphia 
TBS ea TN ah. NW ak se Re se eee oe A ey Soe EE nee ar Mt. Sinai Hosp., N. Y. 
ESTE ee mn LOTTO CIN nee mor ae ea ee ele eld Uniy. of Minn. 
SAUWMIS Cos 0 cs race eae ee ee ee ae ee Mead, Johnson and Co., Evansyille, Ind. 
IES eme breitling Oaiesat Sek eS eRe ee Eee ee Am. Med. Assn., Chicago 
Beane nm Oiler nah: Be eer a A eS oe Pee ed, Rockefeller Inst., N. Y. 
Bimkhaue a Womrad. Hi. 22. n eet eae es Geofysisk Inst., Bergen, Norway 
FEST THO [Deh ONO Ce Llipeen ieee ke ee eB ae ee ee eae Webster Groves, Mo. 
Bsvislaveg Oye. TECH: 0eE cab ay ah Bie nee awe ee aN ea Ie eI eae ae Univ. of Calif. 
ledleveratara. Uk. TY se Re Nee ge ee a eae Une een geen nee ere Ped Harvard Med. 
Lilies A iailshiah (ley es sas eee eee ee pres mere er Hosp. for Joint Diseases, N. Y. 
TBM eI MG aces ee Ae aie ro et ed Yale Univ. 
Blakeslee, Albert F........... Sta. for Exp. Evolution, Cold Spring Harbor, N. Y. 
IBY ailkoyolte., Sa baefevs her hn a een ae a ere ee eae Vanderbilt Univ. Med. 
Blatherwick, Norman R............. Metropolitan Life Insurance Co., N. Y. City 
IB, TSR AMe WI dee aren weauen 3. eee ioe ee re eee ee een ee Cornell Univ. Med. Coll. 
NES ert con amr meres aw an mee eee ge gic ee RL Stanford Unity. 
Peele re crs © rere PA, 22 Sa Bes Oe Seca da ctu sbo cs ca ganas betes paps en ire oe Tulane Uniy. 
IBUOGINs, IRONS AC eet ee ned Scale heen ene OE aoe ea, Univ. of Chicago 
EOckemnulCiicin cle.) mae ne ee ween ee NY Ye otate: Peychiatricnlnst 
IBM lovonttis, AGI adi oes eke aie oe See eae eae meee eee ae Univ. of Chicago 
JE GoauaMU TECK, aN. 1 ies) AE eee eae ee ee ee Stanford Univ. Med. 
Bo oxtam Wiew bv eees aera eo 5 Sasa RE Eee ee ee ee era Univ. of Rochester 
Ties, Le, Dae 2 2.2 Secee re ccs cP ae ee ee en Univ. of Minn. 
«SSAA AG EO CeIGN STD 2 tee ele ne eee a ee eee em Washington, D. C. 
1S) SPENDS goa 9 1 aD NEN ae eo ke Johns Hopkins Univ. 
Le Ny Beste sg ye LR 0 ks pee, 9 Sonn ane a Beth Israel Hosp., Boston 
VEE. USES OV Ge Soe eee Peers or es ae een ce a RS ee Marquette Univ. 
TEXOXSLS TANS Kiyo FV et eres RS ee ap rere Hosp. for Joint Diseases, N. Y. 
[evaxelamasticays, INNO eS cece reese eee John Sealy Hosp., Galveston, Texas 


IBlodlnimelkewi, AOC g Rs csncucecee cee Se ore teee ere eee ne ee Cer ee eer ee Aree New York Univ 
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Bodine, J. Th soccp-2otese ct escegemorttttccemeseee ec ner cee eg ora ee State Univ. of Iowa 
Bowen, Momnils cen. ncce wees ae ore: Olive View, Calif. 
Boissevain, Clrarles Hav. sccccccccicscc.co-fen-teeccesnceouereeareusernenebse =n sera =eeee Colorado Coll. 
Bollman,, J@s6e, Vince. -ecee ec ceeetec cca eee Mayo Cliniv 
Bonner, J aes <2. .cceeecptiee ae ecg nas eee oe Calif. Inst. of Technology 
Boor, Alden Ke scgccAascaccotice tee ce she cx pans ec sorcerer Univ. of Chicago 
Boo thao yan WV eel Gere essences Kahler Hosp., Rochester, Minn. 
Boots selva ip tie tl eeeeeeee eee eit i Presbyterian Hosp., N. Y. 
Borsoolk, Heemyy: ccs eaten oan Calif. Inst. of Technology 
Bowen ba) ee Pckbck Jac tenet ccicactet tes en eae ees Buffalo Gen. Hosp. 
Boyd, Hldont Mie colic Se RN a eee Queens Univ., Canada 
Boyd), lie. Hie ce ccpece rac ee oot ost ra ae ee aa ee e ee Loyola Univ. 
Boyiderys EtAc Sey 2s Se ye ee ee Univ. of Minn. Med. 
Bozler, Bri) cee cae oh Ohio State Univ. 
Byard fore) Wali ara 01a ee ee Univ. of Rochester 
Bradley, HH. C.n.02sec2 Oc eee Univ. of Wiseonsin 
Brand? Hrwinh ee ee N. Y. State Psychiatric Inst. 
Joba EM A (SABRE LO ye a cece tS cen cnctteecnces: National Inst. of Health, Washington 
Brewer, George sic. cccee te ee ee ee Univ. of Pa. 
Brewers Roloente 6c 2 0.52 eee eee Syracuse Univ. 
Briggs: (Ay Pe ieas a tae, Stace re eS ee Univ. of Georgia 
Bronfenbrenner, J............ -....-..-- baer ete Ahk ton eee Washington Univ. 
Bronks:D).. Wiese: Se ee Univ. of Pa. 
Brooks Gly dere foie eee eres ee eee Louisiana State Univ. 
Brooks;, Matilda Mi 225.8 02 50s SE eee ee Univ. of Calif. 
Brooks,iSt (Gao eee esas ee en Univ. of Calif. 
Broun, Ga Oe te 9 ae ce eee ei ok St. Louis Univ. Med. 
Brownies 5 EO War ete 2 eee Ree ee eee Johns Hopkins Univ. 
Brown; dohnv Be 2. ..gscct ee tee Ohio State Univ. 
Browns: [is cAs ste 2 eae ce tere wae ore ee Transylvania Coll., Lexington, Ky. 
Brown, Rachel <...2-..2.0.2.:- Nitric se ceecosrenee eee te N. Y. State Dept. of Health 
Brow Wid Cad Seer anche ee ee Rockefeller Inst., Princeton 
Browileyg) SOs 1k 5 ence ee ae eee Royal Victoria Hosp., Montreal 
Bruger, Maurice. Ais... 04 x sae nee ene ee N. Y. Post-Graduate Med. 
Brunschwig, Alexander: 2.ccco ee Univ. of Chicago 
Buchanan, (A Rites. coho ce Univ. of Colo. 
Buehanan, Robert. i. 25... 22.0.02 ate ee Towa State Coll. 
Buehibinder Wire Carson, ee eee Michael Reese Hosp., Chicago 
Buell). Mary Vives Sg ect Johns Hopkins Univ. 
Bulger, Hi cA secs 3 ott ec. oto ee Washington Univ. 
Bullowa,: dis Gov Mines cc. 1. ot ee Harlem Hosp., N. Y. 
Bunting, \C.0 Hee oe sd ee re Univ. of Wisconsin 
Bureh,. George Wig. oN. a oe Rockefeller Inst. 
Bureh,. John) C Moet oe) 5 04... 7 Vanderbilt Univ. Med. 
Burdon, Kenneth [vee ee eae ee Louisiana State Univ. 
Burky,. Barl’li2eaeeeeeae ee ae ee Jobn Hopkins Hosp. 
Binsss Base Beaten tage Pgh Peet eiaccrn sacrenese oe oe eee Louisiana State Univ. 
Burns; Robert Kk 5, Jie ae: Se Univ. of Rochester 
Burr, George, Oo. cccnc.H 72 re. ce Univ. of Minn. 


FO are er Re Nc tee ee Sortt bin aed cen Pasadena, Calif. 
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IES te seme Vid tevin eee Oe eer. od 2 eee Univ. of Chicago 
[STIS TCS GS Bs As Saat I SE ae ete ign Ov N. Y. Univ. Med. 
BONIS FEA PO od fede Pn el eet eae Hamilton Coll. 
Butitae bee Mice = ple aoe pane 2 as 2 eae I Univ. of So. Calif. 
LCs ALSSES Aet Oe Sie es eee aE Oe, Oregon State Coll. 
|3-W/G1s i 9 NOR 6 cal eae cee U.S. Animal Exp. Farm, Beltsville, Md. 
LBV IS SE SL TST OY MR aaa Se ON Ae, or day Ta Fordham Unity. 
USSG SNe ee cee ede cr a Pe Columbia Univ. 
Gane cole ee les Ano a SRN ene 1a. ee Univ. of Manitoba 
(EECA ol S705 C1 ora i Rm i gan J Ae SR ee Pec N. Y. Univ. 
(OSTEO CEN SUT TIE Fes set I a eee ei oe oe ea eke ee ot Univ. of Chicago 
Garrone Wilbore ees eemamer nas fee ae So ah eae ee Harvard Med. 
Rae We MAMTA ee PURO ee ah beh Ny Soko Jefferson Med. Coll. 
UES EA LAS SMB CII ie hoes el eee RE ene Marquette Univ. 
aS OT SN Fp ts UR ie ce eR ee Ne Univ. of Chicago 
CESSES DEES DAM THR ES © ea lS ee ee Univ. of Alabama Med. 
STR O SIPR PM US cae er ee ee eee Ee srs (eee ee eee ed Tufts Coll. 
DTS AL NES cee be eae SNe Ree ee Univ. of Calif. Hosp. 
(CANDIES ASE, oS soe ue. SON at eh eee eee Re eS aE od Birmingham, England 
ClASeiyaae AU er basse eee eek 8 Ae Seeds ele a Louisiana State Univ. 
(OORT, GIGNSTOS DEALS cae nee See teak Une Nen cae ie pp nies Ree ee Auer rane VTi Ee! Univ. of Va. 
CCRNST OTD ine 1 coasts can eA A mel rte AS te are en Univ. of Wisconsin 
Creel Pe CKe ents ee ee Bel ee ett ee Cornell Univ. Med. Coll. 
(Seelam ram peer, eee voc aan ee ie ey EE eee Cornell Univ. Med. Coll. 
(CETREGEOGS, UU JES a ee ae ee | Fordham Univ. 
(CHRENGS,. JAE SDM eed Gs ann Ange Aen ee wa ee N. Y. Post-Graduate Med. Coll. 
el LoS Fi, DP 4 ee dS a che) a Oe ee ree Univ. of Calif. 
CUUR TI OeSHTSs, RO) Oe ee SO a ae ge eet a RR re New York Univ. 
CSTE TPES SAUL ERE PVR oD see ea oes ae Se ene ee Cornell Univ. Med. Coll. 
Clagines. JaUSi (Olaihetees so5- es eee are a ere Peiping Union Med. Coll. 
Oy Ue, 18 SSI aye OTE Cees ees aan Oe op or Hunan, China 
(Clam it, Iya ales eo ee ee ae ens pa aoe Coll. of Phys. and Surg. 
Ohana etre ns Are ee eames eee ene ies ues anaes ete Sees New York Univ. 
CLR AGES SE Sis 5 ona Mo Beam Reet aN teem En ean W. China Union Univ. 
COTES RE Or OUD Sa GM oe az ae on one Mor EEDA ey Univ. of Chicago 
CNet, TSS ee ata Sale i etter are Eli Lilly and Co., Indianapolis 
CURB, ees LESS ok ae cee ee ee Peiping Union Med. Coll. 
USS PASS SA te a one ere Long Island Univ. 
CAGES ie 512 57 a OSE ROO rm POPE Toronto, Can. 
CIES C0 be ese aie i nN nee Sie eee nes Se eON rere Stanford Univ. 
(Gin herr cl extra yam El perseteieee ny sarees ats Ss Se eee ee eee ee ees ce eee sotees ee Yale Uniy. 
(CHRSSIUE ES EG Spas see ae a er a er Univ. of Pa. 
Giltiennyy, LE UN a ae a ee ea Squibb Inst., New Brunswick, N. J. 
(Givers oii, TRA s cenceeeen de ake a eee as enn Oe ee ee iy Pe ee St. Louis Univ. 
CHIR oUsR 2G MS HEINE PVE he ce ei ae en err Peter Bent Brigham Hosp. 
(CHOvPAS rane, SNCIRIOT, TE re op ee oe oe EAR Pree rey ore Univ. of Mich. 
CO Nth AS NEI Ea ee ee eee Peiping Union Med. Coll. 
COISEECTIE Sl (Ep LD ice te ee le een in eee Peiping Union Med. Coll. 


CUES Sire JING, Elle tee ne Oo eee Sen ea Univ. of Edinburgh, Scotland 
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Clark, Ada: Bic ticccsx. -ciecceteeteecpgegeety coe oer Coll. of Phys. and Surg. 
Clark; Gury Wssijc- 25 i cere Lederle Lab., Pearl River, N. Y. 
Clark, Pic B's clinch Sceeccspentemes oeeer ore ocean ee ees Univ. of Wisconsin 
Clarkes: Haris AU sc.f-2 sectesqceeres Core ce ene ceee ene eee Coll. of Phys. and Surg. 
Claude): As: Beste. occa cee a acct edt caaccen cece ee Rockefeller Inst. 
Clausen, es J scscacese tect cemctcese Ot ocsadaachs eteeneeeee asa eee eae Univ. of Colo. Med. 
Glanssene SWas.. caer ees Strong Memorial Hosp., Rochester, N. Y. 
Claweorlz, Berij aorta lose cesiee basso ee Univ. of Minn. 
Clifton, : Char bes Be sco ooo ase aceon ncaa neces meee eee Stanford Univ. 
Glow eska Gap lige seme cere eeere ete Skee eee Eli Lilly and Co., Indianapolis 
Croan An. Tact ash cas read es oee secs tasescseceee er ee e Oradell, N. J. 
Cogwestvall, Tus, ec pecs oo as ee ee Rockefeller Foundation 
RO Lape 0 DSC tlc) eee ee erp les For Are Op rn ceten oe cecsace cee: Gainesville, Fla. 
Cohen, Barnett. 25.5. ccet toes ee eee eee Johns Hopkins Med. 
Cohen, “Martini 225 oe esek os cee ee oe N. Y. Post-Graduate Med. 
Goalie jo Malton 25 ce tae eect cna eee St. Alexis Hosp., Cleveland 
GohnicA. 5 Wc ey Rockefeller Inst., N. Y. 
Cohn; clstdo re: ac 25 5 Seas teeta New Orleans, La. 
Cole, AtthurcGs.. 20.6 ee Uniy. of Ill. Med. 
Coles: His G ssicoae sce Rice te Sedge eee ee ee Be Williams Coll. 
Coleg: Harel de Ele co re se eee ee Univ. of Calif., Davis 
Cols | ar Picante eM Cede me NLA Fe Chie rit ee EE na Sats: Univ. of Wise 
Cole, ands cesta Aare fine os se aetna ee ree ae Rockefeller Inst., N. Y. City 
Gole jy Wiarre i EUS oe 5 ort eet cee ree ee Oe Univ. of Ll. Med. 
Coles W ulliei sEle c5 ne Bo ere 2s ee ee ee eer Rutgers Univ. 
Collens; Walliams Si x5 ees gese tesco sree ane ee Brooklyn, N. Y. 
Collett, Maury: Hi xe ak eve ee te eer ae Western Reserve Univ. 
Coline Waullirciniee |) eee eee St. Elizabeth’s Hosp., Youngstown, O. 
£0751) 04 cto Bao: Wea ener ee in eer ARN IR ae! rel ea Temple Univ. 
Collipg Ji Bites oc ccs cketag tees eth a rahcka et hae ee McGill Univ. 
Compere> Wp Lick ..Lgssnsesieauane rete COR hee Univ. of Chicago 
Cop kein fbi Gry os cS) SOO eee ee Princeton Univ. 
Connor, CHarles i: <otz. «cca hee ee ee Uniy. of Calif. Med. 
Cooks, Charles Ans «ch cit cede eee eee Burroughs Wellcome and Co. 
Cook, Donalds Elsie, ceeee ee School of Tropical Med., San Juan, P. R. 
Cookies Jie, Vite sentir tte rn Oe See Washington Univ. 
Coombes; (Helena@s 2. fret a. eee N. Y. Homeopathic Med. Coll. 
Cooper rank iS 2 vee. cor AR ee ee W. Penn. Hosp., Pittsburgh 
Cope, (O) Mies eaten tse a ee N. Y. Homeopathic Med. 
Copenhaverja Wie M.......24. 5.00.0, tee Columbia Univ. 
Corey, Bi. Ui. saegtt oSacaetccnto A ben Seater eee ee Univ. of Va. 
Gory ‘Carl Byes areca el Sorc R tee ae Washington Univ. 
Gorley,: Real pla 07 oiesre 2, sccseesns ne ne ee ee Purdue Univ. 
Corner; George Wig ee ines ee ee Univ. of Rochester 
Covperiy Hl. dam ates See teen Or eee National Jewish Hosp., Denver, Colo. 
Bcd bh ieee peter een ern Chee t hCnmnns MORN ha ye | oh IN aes ton Med. Coll. 
Cowdry, eV nscoxsccacdeedae. rasta Aen ROE a Washington Univ. 
Cowgill, George, Bcc ctcrcceaca sesh ee eee Yale Univ. 
Cox, Hema Riek cee oe U. S. Public Health Inst., Hamilton, Mont. 


Cox,, Warren M., Ji... cetera tre oe eee Mead Bolinson Co. 
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(Crete, (ORDA 5 eee ee ay Rear <2 ee pe rT eee ee See Tulane Unity. 
(Coes Oise wy ees eh eee en eR Nat. Inst. of Health, Washington 
RAN WOR CT WANN sah oa eo sao ce ia Sa, ete eee N. Y. Post-Graduate Med. 
Chresana ial eA wether ee yo eau ee sy fied ee Peete Univ. of Tenn. 
ES GaSe ee ee Wayne Univ. Med. 
SUL SEEN ct a ae ae ee _Foe Se Western Reserve Univ. 
LED TOROS Ta Sa 025 Ca an cece ae ee ot A ee George Washington Univ. 
oS TN Evita) CRS 6 Mie Reem Ngee SNP eae © he a Mt. Sinai Hosp., N. Y. 
CS NaN DOO. ee ene ee ee U. S. Dept. of Agr., Washington, D. C. 
CATR TTOTARS, <1 L780) Cs Meee ree iP omy COC Re eRe EM ANT 15 Tulane Univ. 
LISTS SSCS 223g Se sag ae Ope eae ee ee Sem ck Duke Uniy. 
cio) TOT Vs 81g Fae ea er Albany Med. Coll. 
aS NESW BER SRN ik ro eS Le REE RIOR Ohio State Univ. 
Goins wy lateric pie eee ee ets IO eS ee Columbia Univ. 
(Guat eva, AGM DEYe tn Rig 0 ener mae a ee eee ee Peter Bent Brigham Hosp., Boston 
ies RAUL STC BENE RP AL et RD sO ee Stanford Uniy. Med. 
Cutuly, Eugene ........ CE ee ee eR La ERI RE UIE ee Wayne Univ. Med. 
EEG Kav Ge it) eV ie reins de an een Se ait ae one oe be BIN Uniy. of Chicago 
LAE A 2 sb SE AEE ee eee ee a Rear eneee Ossining, N. Y. 
Wallidorrire Galeri ee oe ee ae: Grasslands Hosp., Valhalla, N. Y. 
AED) ULE OT eA Aa ees eae ees 2 ed wate NS rie) eh Western Reserve Univ. 
I ANT OUT ae ee ice ke eee, et ea ek ale eh hs ee, Univ. of Denver 
[Deniers ns, SC Varin Veo) S pape eee oer pee en en Or Sone epees Ses Stanford Univ. 
anya ew Nee ne oN i aed Coll. Phys. and Surg., N. Y. 
iesmarveihe. SP TR aya Gee ae oe een i aie ee fore eae Pere EN Univ. of Calif. 
JD jae lSy,_INGA TATED big Se 2) RA es Nd ne Cae Een NC a on Univ. of Iowa 
iD eanicaiet: (Clave a TIGR S Be eae ane Nae EI a eer eee ee N. Y. Homeopathic Med. Coll. 
Diese) eve a (6 Rh ool 0 eas ees we a ee i er Univ. of Liege, Belgium 
Dawenporty Gv bes Sta. for Exp. Evolution, Cold Spring Harbor, N. Y. 
\Deyyeiayayooren LEE, Gee EN eek ere ieee eee at nes Seer neeree ame Northwestern Univ. Med. 
LOTS OS ln eS et ee es ee ee er eee Wilmette, Ill. 
FLO) A alivare ame see rene eo ener oe ta ees. ae ee ae ae ee Univ. of Vermont 
[GAPS 5, IE Dewees aie tere een eee rae Univ. of Chicago 
[Deyiiszeliaiy, URE WaeYetSied: oer cee oe ate ein mee Re Coll. City of N. Y. 
IDenena, il, Vale eee RO ON ea ee Ma ee Bie ee ee Columbia Univ. 
yp, Lhe lb cache eats Se ae ae 2 rg Northwestern Univ. Med 
Tyee, Veta ot ea eR oto ee eee ee Univ. of Arkansas Med. 
SID eHeH Cores il CALC eee eee de al es ees New York Univ. Med. 
Decherd Gears cpl ee res eee ssi oe eee tee ee Univ. of Texas Med. 
TBST BYiiSy ARM on lk 8 sates es as ca eee ee Re Pe ee ee Stanford Univ. Med. 
JDC Konan, Ley AU oe eee ep ea ae Oe GE ae State Univ. of Iowa 
TONSC ENTE ING. C csctchectaclehee sence ee RES er Nera ae See rae Nee errr N. Y. Univ. Med. 
FLD) rn eam am eres eee ee ae ee war nk Se ence Seen Amer. Univ. of Beirut 
IDyesleesanyil, MGs Sik adtetct ag acter ead eee eer ry nop een Win Amoiee ar 
ND Seas CIN G see ea rete agen ee sat ea Washington, D. C. 
FTW eivaaill @ renminbi npeee eee ec se ee Naa ete eee ease Columbia Uniy. 
IID) ext Ge lemmlEcd itcayaae) opie) Woes eee fe a se at ees tee Univ. of S. Calif. Med. 
CONS CCVGSRIR eo 11 Na RIES ERTS Nr nape Se a aE eee Univ. of Chicago 


IDiehesronny. T8y, (Ci Re ae alee ere eae a nen er ee 5 eo Stanford Univ. Med 
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Dieeknaarin, Wo oli ccoscs cic ctssvausscooett tr racecars octet ne eee oa Uniy. of Chicago 
Dienes, | Lowis:.ie.5 cece eee ree Massachusetts General Hosp., Boston 
Dievaide, Wrareis: Ris .ciccccecccese cots cece ceca eee Brookline, Mass 
Doan, Charles 1A e223. 28 cis ee ced noc sles Ohio State Univ. 
Dochez: As ii. tg cette enacenee eee Presbyterian Hosp., N. Y. City 
Dioeke, Wi ibaa. op. -ccs cece tects sas cance ec re Stanford Univ. 
Doisy, Ha@ward A ..acccc2is coset tet snssnnenctenceense eee tegen eeiee ee en eee eee St. Louis Univ. 
Doolbery, (W .,Lussy: dl tcc zc as 2c a eee Univ. of Buffalo 
Dominguez, R oh en in 10: Ro Sa eee St. Luke’s Hosp., Cleveland 
Diommrtt, Tie Vio race abe co coec chess oa csc negate eee Univ. of Chicago 
Dortald sori,” Iss Cea a oe ee esa Univ. of Pittsburgh 
Dooley; Mc Siice eee gies evo ce sae scan Sr se eo ...Syracuse Univ. 
Dorma Real po buy Dee 5s sn Sc ac cae Yale Univ. 
Dowbilet; El ery yco opto cs iss eessectn thee Mt. Sinai Hosp., N. Y. 
Dotti, I. Bavg eke. hae Soe eee eee New York Med. Coll. 
To ae Ase ee Western Reserve Univ 
Downes: HelemtRt2: 4 22-5 )2o. 0 ae ee eee Memorial Hosp., N. Y. City 
Drabkin, (Dida xcs ee ee Uniy. of Pa. 
Dragstedty Carl Ast. c:\ i 262k on ene ee Northwestern Univ. 
Dragstedt; Ibester. Ric... 5,4 oa tesn eee eee Univ. of Chicagy 
Draper, George W isc. oe Columbia Univ. 
Draper, William: B23,5 2:5 ee ee eee Univ. of Colo. 
Dresbach. iM 22.205 .. eon eee eee en Philadelphia, Pa. 
Drury sD bis ies ee ee ee ee Univ. of 8. Calif. Med. 
Dulin Easy: Tip Seas saa 2s A cee oe Ie We (Cai 
DuBois: Biel 2 coe. 20:1 eee eee eee Cornell Uniy. Med. Coll. 
DuBois, ls S25 och det en ee Hartford, Conn. 
Turbos; pen ey Iie cee sts Sore ee ee ee Rockefeller Inst. 
Dug ar B gis 2 ee eee ee ee Uniy. of Wisconsin 
Drakes, EL SEI sacs: toscana nae On Sais eee Cornell Univ. 
Dian elbeslion Cece i eee tance Oe ce ee Columbia Univ. 
Dent aes ete recast ee Univ. of Calif. 
Durant Reynals, Wo 3..20_c2c oe eck Yale Univ. 
Dusser-de, Barenne, Js Gis.5 3c. 0 5 Yale Univ. 
Duteher, RocAdamss 2. c.250.0) eeeeeeee eee ee Penn. State Coll. 
Diva) Ge Wiata ee Seok ne de Ae se Tulane Univ. 
Du-Vigneaud, Vincent. en: oe et ee Cornell Univ. Med. Coll. 
Dye nc Jase la Ass yes cere cccse center Cornell Univ. Med. 
Dryer.) Helens Ms tree oes cece. ee George Washington Univ. Med. 
Dyer, Wa liugen eee eee National Inst. of Health, Washington 
Fae Wilton eee ties co See National Cancer Inst., Bethesda, Md. 

Heesstim aay Nf) Seo ocean lone Hopkins Univ. 
Haton,: Alonzo: G chee ees ee Louisiana State Univ. 
WiatonyMs Doo te ake tee eee eee Dept. of Public Health, Berkeley, Calif. 
Hiberson, ‘Frederichtrs race. ctcc 2 ee ee Alexandria, La. 
Reker,. Bis Ww 20.65 cee eens ee ee Western Reserve Univ. 
Eekstein, Henry-C te es ee Univ. of Mich 
Wddy,‘W alters T1202 Fa reco. ee Columbia Univ. 
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|S si eo cg] BRS Ska a eo Cornell Univ. Med. Coll. 
DLS Mo003 2 SU OR Ce» eee a ee ae co ee OE Univ. of Buffalo 
REIGUCLPCES WCB LA PIT B25 kcal ak Career cee Se Kentucky Agri. Exp. Sta. 
OSLO TAA Ge Wit Genes oe ee N. Y. Manhattan Eye, Har Hosp. 
ibchelberters lar lili aneess. ee mela en eee ol Univ. of Chicago 
LW ES Sl 9 Seno ee ree Montefiore Hosp., N. Y. 
VEU Ss, IN Leo) 1AM Deeg eas Be ae ean ea OR gt gh Te eS Rr Bs Univ. of Mo. 
IB lilogiess ACerS INgs ee eee PES aN Neurological Inst., N. Y. City 
TESS rsa Vie) Roe ne ese ee 6s ce ern ie PS Cornell Univ. Med. Coll. 
Hlvehjem, C. A.......... ee ee AS er MOR EE talon Uniy. of Wisconsin 
LESTE L eves OV aa G els eS ee ae RE, ee SY een ere ee ee ore West Va. Univ. Med. 
IESE yke tye Lie. Ly ceemerae eeieet nee eer fee ee a CeO kT eee ......Univ. of Buffalo 
Ler Gage irra Ate eo tion eR armor e A AEE CREE 2 eid to eee oe Stanford Univ. 
IESE CLE Tero) Ere aren ee we I i a A Harvard Uniy. 
VER ES CB a Od De ee ee Dh SPREE Et SD Columbia Univ. 
Sy SSIES aa Va Ve Ue eet a2 Ne eo oe ee eR Mt. Sinai Hosp., N. Y. 
TAT Paver eu ig 05 BOYS (26) cr cs cle oe ee oe Washington Univ. 
Biers heme eau ani (Osmees eras e945) Ta Ae ED i eeice mie eee: Cleveland Clinie 
[BIS coxapetel Irceu Tie Byseareremer sn a eth ood Pa ae aes wR tne eve eee Mayo Clinie 
Etkin, Wilham.......... Be eee eho eee ee ee Coll, City of No Ye 
iver seeAllaces Oenme tee ee tS ons oe 1 ae National Inst. of Health, Washington 
NBR Ana rm che rceil] Clap Leeann peres es oe ss lem ated oie srk Univ. of Minn. 
[Hiverricepivenper calves seo Rite 20 nee ee ee Univ. of Calif. 
Eve re Gime ese eee ered) e ht ee el ee Univ. of Okla. Med. 
alton) CULL OS eee et Eh ee, Meese ee OE Cornell Univ. Med. Coll. 
LES SH A ge ee a er ee Univ. of Wise. 
Fabe, YE LG bo A a ea 2 ne Stanford Univ. Med. 
VENep ir, (GeO ea a Ae ek a Univ. of Minn. 
Ia aw SO CORO Cowes ok ee tee ee ee ee N. Y. Univ. Med. Coll. 
| gpwanipandWrevavee, Ube, ANY eee: cas Sen oa cl ne 2 Bete ne ee BRC cra Englewood, N. J. _ 
PLUS apes BEES RR OS a a Northwestern Univ. 
Tiree Ue De Be eee eRe Sere ORE aia i eR PONS ee ee Rockefeller Inst. 
TEED Ths [ea ESnTE TT SU (0s ee reat tener ee oe SY yan cae ae ene oreo Tulane Univ. 
Ileaninnaven, VIM Walted nia 5 Seat ee ee a ee eee Univ. of Calif. 
Gt, IER i 2 ee ce oe ee eee emer Western Reserve Univ. 
TR teas i dees See ees See a a ee ene Peiping Union Med. Coll. 
UD dei EA NIECE AL) RRs epee RO ne gap eee Univ. of Rochester Med. 
LGERUI ST SPU) CTA gg NAY ag a eee ee Re er a RP Univ. of Mich. 
hy aero th CLE, aR UG sot Re oe end eon SEA RIS Pee Univ. of Toronto 
LESH SOM Jini 1h G (0 ee eee ee ee N. Y. State Psychiatrie Inst. 
Taare, Tie: DN Lace coho eee cr ra Peed ee eee Ree Harvard Uniy. 
GL, UNE AS Ue, km ad ae aera ee Rr ee Serene eae eee ee rere Harvard Univ. 
HTT) Clowes) KO MOI mel Ue Aeeteneete aera aa ee 2 SED ena tee a eerie eae he Stanford Univ. 
Lai. SV be nee Sn Univ. of Maryland Med. 
BERET rch RCS Ce cts sks Pere a Pao aaah dna apeeeyeanaetanagestess Beth Israel Hosp., Boston 
OIE TI laa ike Ss a General Foods, Inc., Hoboken, N. J. 
BE TCI Vg OM eae oe seg cso ethno nice ee le aga cdasinne ances aca Johns Hopkins Univ. 
PEE ee TN Se wet es acc aq caeaecsc oye naeBecnsnt nich? Kopenhagen, Denmark 
(DUGG ety 10) au SRS see ae Med. Coll. of Va. 
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Fischer; Martin: Hl: 2iscsccc-ccecctegee cee Univ. of Cincinnati — 
Fishbere, Ella, Hi. ..:...caeette ee Beth Israel Hosp., N. Y. 
Bitola, Ge Piscicssasdevcn agtisetafiinaset seca eccaeat ah tec ie eee cae ea Univ. of Minn. 
Witz, Reginald..0.,.:5.->-cssce eee ©. ee Peter Bent Brigham Hosp. 
Hz eres Gets ec creeoe ece e cesta ae ce Univ. of Toronto 
Bleisher,. Moyer: Sy sooth treet oatk ee St. Louis Univ. 
Floveriée,, aura. i:5.5 2 ee N. Y. Homeopathic Med. 
Mluhmanns Chiar les) Hee seca se eee Stanford Univ. Med. 
Woley, | Jamies! Oi, sececteb tie ees ence a eee Univ. of Alabama 
Forbes, Heir ysis. .i.cd vcs. s25eceth ones tcbt ng ac oe ee Milton, Mass. 
Hovey. celia? Cie ech e e Med. Coll. of Va. 
Morkimer; sland es Hesse eee ss jabdcaca ts pon Ste ee ae 0 ke NS YY. City. 
Hortwyn Ac BSD) ee eee Peiping Union Med. Coll. 
Fowler, Wallis Mi c.cs osc seus see eee ee ee ee State Univ. of lowa 
Nios: cap Bog Ope acc ee Oe es SN eS ce ase Scripps Inst., LaJolla, Calif. 
Francis; \Thomasig) tes 2222 oe New York Univ. Med. 
Frank;. Robert Use oc iiss oe en Mt. Sinai Hosp. 
rane Pe Woe ie ee ee ee St. Louis Univ. 
Fraps, R. Me eS Sea ek ae U. 8. Dept. Agri. 
Prazier;/ Chester)NA.ct. 3c Peiping Union Med. Coll. 
Freedlandeér, (8. -Qs.)4 52 eee ee oe Western Reserve Univ. 
Freedman; )Lowisis:: 3.355, onl ee ee INE Wee Cnliny 
Breen, Bosc Giy 0 i pacts csanacesescc serene me ree eee Boston, Mass. 
Hreudenberger, Cy «Bu. 257s eee Univ. of Utah 
Freund ie) whese he att rake ceck ee ae a ee Otisville, N. Y. 
Hirideri clas gost see eee cae Das erence Univ. of Copenhagen, Denmark 
Priedemann, 1.) Wisc aecae eeee e eeeeee Univ. of Chicago 
Friedman eM. A vsccutsic hectares ras ee ee Beltsville, Md. 
Mrobisher,? Me atlin, chi oos222 eee ce tac sot were core nee Baltimore, Md. 
Walton, Jobin Bisse, <iecesceonsetera cchengon sae cate wane cet ee Yale Med. 
InoMlig, (CRIMI Soe cence Sates laos Seen sen es ne Ne Yan City, 
ACh Niet lll 8670) (Ae manatee eee Nee a Se ee eet I dee Cornell Univ. Med. Coll. 
mebler,, Qu oasis ahs 20k ase ee eee eee Henry Ford Hosp., Detroit 
Garter Tt Ox Stuart... a eee Brooklyn Botanic Garden, N. Y. 
Gallagher 200 Vite. a Se Univ. of Chicago 
Gamable,« Jamies a5. 5 S555 eee Harvard Univ. 
Garbat,,A. bra aminli icc. cas contain tne eee ee eee Lenox Hill Hosp., N. Y. 
Gardner? Leroy Ula. Saranac Lab. Tuberculosis 
Gardner, + Wiliam) Unes s.r Yale Univ. 
Garrey, Walter’ WXesgs.0.0.05 21d hee ee re ee Vanderbilt Univ. 
Gaskell, Jolin’ FY eatats fiat ee Cambridge, Eng. 
Gasser, Herbert i.c2 tances. one Rockefeller Inst. 
Gaunt, Robert,.c2te 022s, oaks eee New York Univ. 
Gregan, i TE sas. ss iss eaves tise ook ee Inglewood, Calif. 
Getling,: Eo: Mies Soe ree ee ee ee Univ. of Chicago 
Geist, Same El ose. pteteec eee Mt. Sinai Hosp., N. Y. City 
Gelarie, “Arnold J2:ac-ccpc-s see eee IN: -YosCity, 
Gellhorny Minsti. 222. eee ee Univ. of Illinois Med. Coll. 


Gengerelli,.J. Al. ieee Unive of @alit:" ieee 
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CGE Ar eet Wis ernst ok Gate oe ie eet os caeete ae Univ. of Chicago 
Rees ce mer ree oET Sie Peco So oa ts Sa ene Western Reserve Uniy. 
LSE PSG Ua) NS ET aa ee) Sue a OO, REO SOO dee NOCH En Univ. of Mich. 
Crea CEA CaO RMR Ree at oOo SUG OR toe N. Y. Univ. Med. Coll. 
OTe UE ER EN cy RGM He U8 ele ln! I Ah oS eae Columbia Univ. 
ACCES) Aan ee ee te Pec os 4a es Re oe rn tn Re Oe Univ. of Tenn. 
Gibson Ri. Bass. fe ae Oe Lee ee ee es State Univ. of Iowa 
ETS ATU TES TT 9 [EAS Se rapier ee ee cy LS en mma 7 Le Columbia Univ. 
SLE SSS yao T CS MO cee Re = aie I Cree ere OER Riverside, Calif. 
Galli am Mel OO bhiye Weare ae eee pes ee ee we Beth Israel Hosp., Boston 
Ceonbericrrio MeN (ier (Sameer es REO Ie OE Sle E Ae Se A eee Yale Univ. 
Aral SOT ae ACRE Ne ogee tte ce, Aas Me gue ees Me ee ee Washington Univ. Med. 
CC EST CTA ENE WW eae ek ts esos neh We eee Se Brooklyn Coll. 
ILS 2) tated Bee a Beetle (cee re Ak a ee er Mulford Co., Philadelphia, Pa. 
GuivenssaMenirice Elm fe f0 oe 2 Be ls Northwestern Yeast Co., Chicago 
Grlearer a OGG sO te eet ek Oe Pa CR een a es rn ibs ee Amherst Coll. 
Ge ESCO Tene (0) iLO Seer a i SPM 8 oe en te Cleveland Clinie 
(Gelicke 1) eee Pe CRN EA ota Ooo Beth Israel Hosp., Newark 
(2 ere ee ee eee ced L6 8 2aS doe he e rer e o e Columbia Univ. 
GO Glee eter type eee See ree A ely ee ee Cornell Univ. Med. Coll. 
oon Ee) ee Ie ne ae ee ee Presbyterian Hosp., Newark, N. J. 
Coldipla tively itysse sere ee oe ee ee Western Reserve Univ. 
Goloirar Dama lbete tee ot os ct ke eee ee ie Sees Bellevue Hosp., N. Y. 
(Gioleined erm Amini cer ee eee a re eee Aes New York Univ. 
CEP U9 08 USA, 2S ee eee ee en eee Coll. City of New York 
(Greallee ietirayie’ YY ae os, aa eae ree pd 5 Perens seen wae N. Y. Univ. Med. 
(Gua eolanreryelie. TRING) kz Wx lisee tate ste ot eat erence ae oe ee Univ. of Calif. 
GOS CMe eS ANALG | See ee es eae ites Rey eee ee Oe Sey oes ie Univ. of Pa. 
(Groner el rat cpr mms emer cd le, See a as ae re eh oe ee ae Yale Univ. 
(Cravava lie, TEC e a aves hae ase eee eee ee ee ee nee Rockefeller Inst. 
Crpiasaerey Rey Tp NEY SS a steer ty PUR aR ee eee er Univ. of Minn. 
(BeOS s Oe WE. eon eee Eee anette Se ac eet Re nae mea aE ean eae Uniy. of Alabama 
OO aie A ECOL testy oe oor ee get es og sak ce Suh a donids US aneaa tees Univ. of Calif. 
(Chet LC CMA CRM V pce ea Saeed Sees. Bae ts Suto easter. Cornell Med. Coll. 
Wei ERIS DUE c ECON B ieee es beer 7 er ape eres tee pa MeN ipo Ree Univ. of Calif. 
STE CDR MN ERE ga ge Ry ee ee ok eee SE Washington Univ. 
CG seen na a1 NSS 0 a re ee ee Washington Univ. 
(Charen SSamV PLL CU IAN DV Vibe tee cece ces ene ae else Pe se esc n eace rc eceecaaas St. Louis Univ. 
GIR EN aera Pea ae nee eee Stanford Hosp. 
(ETE ig crepe aa] EM [eae ee is Se ene ea Jewish Hosp., St. Louis, Mo. 
(CAREC ML ES C2 se 2 es ee tar cee ae ees eee Univ. of S. Calif. 
(Gryeara, TB MeO MD ie. he ees ea ae aie aie ane eee Pe Mass. Inst. of Technology 
SECC HMC E Ar ee ess Sepa sea dese 6 an tates Sas dh aby Saas Aestanecaewsnns wieder Univ. of Minn. 
CO Sar a ara ad Dee Cs ON In BU eee ie ee re Oe eR Ree Univ. of Calif. 
ORO AO) EL manera tee ee 320:- sensor las an ocd Sen nnca il ecav Opec aneneh aoe oe soa Brooklyn, N. Y. 
CSU SSOCE CRE ET ps) 1S (CI Ret one eee Rad nee ee ere Eee Rockefeller Inst., Princeton 
(CSRS TES ANC CS 2 men ene OO fo SO aM ES State Uniy. of Iowa 
CERIO EE UR Ms CNC C0) ae BE ap ee eee eS N. Y. Univ. Med. Coll. 
Se SySe ONG Bp EME NO see Ceele APR ROE re eileen ane em nee Univ. of Edinburgh 


(GSTS CRO i teal ante ape ey MOE ne ean Pema Squibb Inst., New Brunswick, N. J. 
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Greversen, Magni: [s.cecce es eee eee Coll. of Phys. and Surg., N. Y. 
Gregg Ds Hie ccesccacecae ee cages eee ee Western Reserve Univ. 
Grecory,, Louise EIS eee eee Barnard Coll., Columbia Univ. 
Gregory, Patil Wecsceoserececteseest--ccabee cncnc op -sren eae nee ne eee Univ. of Calif. 
Greishennner gst) stirs Vices een Woman’s Med. Coll., Philadelphia, Pa. 
Gortfiith, “Bred. Ring, J ssscesesce eae eco eae eee Univ. of Buffalo 
Griffith, Joli Qj tccic et cee cc Univ. of Pa 
Ghariiffitn, W erudhel TA xecc cose eee ace St. Louis Univ. 
Caco, Whmwaal Clacsscocetces asses cece wane: ee ee eee ero State Univ. of Lowa 
Grossi:Paulei2) 2 Se ee ee W. Penn. Hosp., Pittsburgh 
Gruber; Charles: Mig, 5 220 sscopnctecce eae a eer Jefferson Med. Coll. 
Gubérlet.: J. (HS oe ee ts oe ees Univ. of Washington 
Gouerreannt, Nag se Seca ete acca Penn. State Coll. 
Gham Hira Cis SD eee eee ee Northwestern Uniy. Med. 
Gurchot, «Cliail se eee ee Univ. of Calf. Med. 
Gustavson, RwvGw ies 2 eee Univ. of Colo. 
Gustus, Hs Lista tives disci aep ck Chicago, Ill. 
Guthrie,” Gx Cree: 2s 2 ee eee Univ. of Pittsburgh 
Gruitmasas PAu esata Chere gE ees Presbyterian Hosp., N. Y. 
Guyer, Michael. Wyse eee re ee ees Univ. of Wisconsin 
Gyorgy, Paul. we aes ee ee eee Western Reserve Univ. 

sag blarvey Bice. ee eee Med. Coll. of Va. 

Haden,’ Rarssel. Vie) ee ee Cleveland Clinie 
Hadleys; Philip 222. tes See ae W. Penn. Hosp., Pittsburgh 
Ilatkesbrciniovp ele shv0 06 beam een Woman’s Med. Coll., Philadelphia 
Flag.’ (William A rstla taro: ee ee Cornell Univ. 
Histo. Char] egret y aie eee Research Div. for Chronie Diseases, N. Y. 
fae Wearlli cum Accom, sce esescsee ease ene tee ee State Univ. of Iowa 
Eval Bienes te Mir ee a 3 So re eee ene ee nee yee eee Univ. of S. Calif. Med. 
a i Cee ares ee ee 1 gE Sent eh eins ee ee eee Univ. of Colo. 
fa Eee eg rarer rete ermine niece ee A cn Stanford Univ. 
Hialpert,) Be hae Pisces cas oe ee ee Louisiana State Univ. 
Fal sey, J OW fr neat oo ccnnsss atastecnt een Tulane Univ. 
Halsey, Robertell t20- te ee N. Y. Post-Graduate Med. 
Hambourger; Walter Ei. 232 oe are eee ee Western Reserve Univ. 
Hamilton, Bo Kesh tiie nite oe Chicago, Ill. 
Hammer): Bo Wits er Shrse eee Iowa State Coll. 
Harte, pei B eeen eeecces cce Univ. of Oregon Med. 
Hanger, Wratikline i te os ee eee Presbyterian Hosp., N. Y. City 
Hanke, Martin (Wate sh.. 02... 53 eo eeeeee e Univ. of Chicago 
Hannon Riis ic ee sect eese aan Cornell Med. Coll. 
Hansen, Acvild / Fit. 205, se Bie ec e e Univ. of Minn. 
Hansmamnn, Goel. ese eee Columbia Hosp., Milwaukee, Wis. 
Hanzal, Ru Picasa eg ee Western Reserve Uniy. 
Flanalile Di o)ics seo ee a ea ee ae ee Stanford Univ. Med. 
Hardie; ee esate see eth 3 Pasteur Inst., Paris 
Harkavy, JOSeDh aiken aise ee -Mt. ‘Sinai Hosp., N. Y. 
Harkins, Deny Nos see Henry Ford Hosp., Detroit 


Harned; Ben i eee ee soa Woman’s Med. Coll., Philadelphia 
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[ele Geese ISU ool USL cee ne eee OR ce ae Tuckahoe, N. Y. 
ACUI UC VOTE ee a eet eee N. Y. State Psychiatric Inst. 
A Revie ieee VEIL AR UE coh td oct 2 Oe ae mek es ON ON Tulane Univ. 
FEED TIS OTM Veneta tee ee ad oe ee te PA. eee Yale Univ. 
HER eke Sat ey RAMEN ESAT REA VY ose Sige tS SE acca, chaos Univ. of Chicago 
AEC i OnCOLS Cw Aspe) Te 8a, 5. ee ee ee ee New Brunswick, N. J. 
UB OTE Sitio Tacs 7 0 ee Coll. City of New York 
IETeeurateme Dial yiiriaes serene thc even, oe Pec te aes | eel ee Univ. of Wise. 
LANs LORE Sy tect |e Se Misc ues Neila e Meaie  Opesce eg eet EIS Univ. Farm, Davis, Calif. 
13 RRS ee Of IESE au er eer neon ee tt: er Carnegie Inst. of Washington 
hm SS SESS 2 2 A ORO A Oe ee DARREN TF Ohio State Univ. 
ENE CRASS IE ire ol ee ee ee cS Ford Hospital, Detroit 
UE ony © Ug Sc) C1 Bate car, ae ee SE er Princeton Univ. 
10 TOUS IN TSS TE Dts) IA Byer oe es Rr Ser on Yale Univ. 
EE ELSE SUNS EE RS ee Re AEE Tes Meer ee A Harvard Univ. 
UE IOS NN GG C28 DERE CR a ee aR ne cee Ir Univ. of Wise. 
lake vermyetss lets (Oh a ke a en oe nee Ee Dees: a en Wayne Univ. 
TRISTE wey WeDo Cig Sreeretins Ate Soon E22 sR eet nee ie ay A eer Tulane Univ. 
ii: leaiyy: Kamae ts een ers esi set Pes es scr aS red 8 Sec eee pai N. Y. City 
PREG TC. Use ES CR ee Seg ene ee ee sien es Ree ee nee eens Cornell Univ. 
Di Let TNT Ao Cy sic fect a a er Western Reserve Univ. 
Eleiy Gnome arate ght see =. 22. ccs--ee ees ees Singer Research Lab., Pittsburgh, Pa, 
ISeoee. ISN aiis 1 ia) oe Se a ae See ee ee eee Columbia Univ. 
VETTES ESE 0g SRR ee Sere Pd ere eee men rE Cory Syracuse Univ. 
ilemeliperoera Minch ale. case nsec tate cee coeeaceeeeetaee Presbyterian Hosp., N. Y. 
JERerll owe nadaal, We NY a ee Rey eee ene ene etna ape pe ahen SE Nanri eee ae eS eR, Univ. of Pa. 
IER CTI eDiets tee, eS a ate do, We elt arene te Columbia Univ. 
JB Geiger. LSE ay hare i ere ar eee Pn ee Washington Univ. 
Maret ne Ne a cet es = ss gash Sapsus p eeaeah apse deaenxot baa New York Univ. 
PEt Fo arranger nrc Ate emer Oe ee ae ar 28 Boag cect ence sies eee Univ. of Okla. 
BUSY ag aV SS KOE I as rae ene ee RE en Indiana Univ. 
Te Trt zed ea ray gH score ee re Rh Be oe a os Se eves oa pase seme ee Mayo Clinie 
Hemingway, A......... Ra er an EL Eos ee IE ead ee Univ. of Minn. 
UB Wave bests: 91 BX, A Bi rtp oe ee RS RA Univ. of Texas 
TBs atrenOike aN OQ 2 A ee ee Eee tm Uniy. of Minn. 
DE CCV ETO SAE TS ene nn eae en Nat. Cancer Inst., Bethesda, Md. 
[ZI CLIGSs "SPREE UN GSS costae RNR ite ts aan me eR ee ore Northwestern Univ. Med. 
Je lose nab onal 6 OU hee eee cent cree ee John Sealy Hosp., Galveston, Texas 
VE UCaeARO UGE, UR eS) WH Daa ee ee ee ae ene Bree er Univ. of Ill. Med. 
UBICTOW ACCES, LNG BS seers cr wa Ae EO AE epee St. Louis Univ. 
ACN MERGE rcs i Ponce nbensdh edcd hscnecs daseacecs sncteenih Georgetown Univ. 
DEUS SAY M Se Ce a er a ne ae Georgetown Univ. 
Fics mn NAO Tom Meee Sr IN ED, ee RL 2 essa ovens Hamilton Coll. 
TE ecigaillecatis J Is “Gane 2's: ore Maras: ees een cy ae ae ra te epee acre Re Univ. of Chicago 
HPs soy trae pe Aen eee eke aes oe eae RUE oS esac onic coat eocteaee heads Iowa State Coll. 
UEC SEATON, VIE IGT Sib aces ee a Gee ie ener pra Renee Sener ere ans re Western Reserve Univ. 
1 TEER Sl RIB es Pe er Ae Pe U. de Gand, Belgium 
LEAT) RE Gs OUT Se ek J cane Phe irr PR epee rr Ee pene oe Creighton Univ. Med. 
TEUUOL, TRO ee ma IMs Se eee ee ae Univ. of Colo. 


Hanes, Hh. Ms eh occciccoee eccecccgcpmeowet tere nara eee State Univ. of Iowa 
As hsvi h (Pam) Of a eennnn ee Mepis Bia OPED VERE Sel ecto) eh Wilson Dam, Ala. 
Fiimirivating~ Wir ara e n0 25. as sar cas ca sec sae cgees tas can sete meee Univ. of Calif. Med. 
Hinrichs, Marie. Ages. .ce..ccc-costeeesectecscecs ones eer oosme oes eeunpe emer reenon Carbondale, Il. 
Hinseyy li Cie tec. Acectessigg cigs coeee genie eee Cornell Med. Coll. 
Ebina ies wey ELS Ce eat eg ci domes ee ce ee Mayo Clinic 
Hirsel feldiers A stint eid sees cect ep ecco eee eee Univ. of Minn. 
Piling BP Dice tes ena Sc seep a Harvard Univ. 
Hitcheoeles Wired: (Asis cieuch ote sop ctenecen ce tous oe ete ene eee Ohio State Univ. 
15 Ca) cry ae i016 00) b ee Nene ee OP mean re ees en Marne ce oe rt Univ. of Pa. 
Hobmiaier,, Miehiaiel coche ateusce doses ti tsers seeneeee ee eee eae eee Univ. of Calif. 
2 or bogey a OM Oot Me APE dl eee Aree or ence tiene hate ereetccose Univ. of Rochester 
Hloep pli Rcd So Co gscso ese ce tee ecco ese Peiping Union Med. Coll. 
"Hes rane. rn, 5 Ww Saeed se oer wa ce Chicago Med. 
fa Forog:y saw: Wt Ae Pee ene Reel PR Pe Coren er fmt sero harass Univ. of Mo. 
Holek, Hy (Giese ako covcte inst ese Univ. of Nebraska 
fio Heard eres Brana earn Sarge see ae Mt. Sinai Hosp., N. Y. 
Plo lin, Gedngees eke rere eee ere Dept. Agriculture, Washington, D. C. 
Eh onan 2B ae ecco Stanford Univ. 
Holman, We Sars Seeatcae ass eee ese eee nee Uniy. of N. Carolina 
Holman, (Wo ie 2523-12. cece ee ee Univ. of Toronto 
FEVOLG Uninet, a) Se eee ere nee eee eee Johns Hopkins Univ. 
Hookers Davenport cy... oe eee ee Univ. of Pittsburgh 
Hooker, 4S amtord Bes oe ee Boston Univ. 
HopKing,« 3 Gardner 222 setae ene ee Columbia Univ. 
lorstalll «Bevis Jr c oer a ee eee ee Rockefeller Foundation 
Horsley, enero nissan cen eee St. Elizabeth’s Hosp., Richmond, Va. 
Pore witb, Mis ee 2a 0 Sac Ses wg tee Elgin, Il. 
ogkim se Wallan SM ics ne oo sei oe eee eee Univ. of Calf. 
elonae Eisivainc= Oni anaes sane eens Lester Inst. of Med. Research, Shanghai 
EL Owe «El apy A tirana oe re a A a ae tc an Johns Hopkins Univ. Med. 
Howe Pau lel ier -..cin cts eer eet ene Dept. Agriculture, Washington, D. C. 
Howells Kogaiieces feds sorts cate Ge ee On Michael Reese Hosp., Chicago 
Howitt; Beatrice Bic... tee ee ee Univ. of Calif. 
Hoyt Amsonge ih.) fc 2d 8a ta act gee re ee Univ. of S. Calif. 
1S AVR CBRE Repre Se etree ee ae al a em ee ot fe Peiping Union Med. Coll. 
Hoy CK eee SE EOS Ie Weis TS RG En te Se Univ. of Mich. 
Hubhard,: Roger }S ager ce ee Buffalo Gen. Hosp. 
Huddlestonje Oras ....6.0).cici ce ae Univ. of Colo. 
Hudson, N. Paul......... Pia csieoki tele t dd eas er ee Ohio State Univ. 
Hughes, VhonansiP ated Gos, 0c eee Uganda, E. Africa 
Humphrey, sues sss a. 22-4 ae Univ. of Buffalo 
Hlonischer; TA wae oceans ae) ee Western Reserve Univ. 
As EDN ed 1 Meee uni re e eee ESTO Oria  e  N Harvard Univ. 
Hantoor, Bis Mis creer ks reise ee New Haven, Conn. 
Hussey, Raymond ey cdc. ce Ned eee Baltimore, Md. 
[ngersoll, Be Ho ae a cee el ee Med. Coll. of Va. 

Ingram,” Walter Ric) 22:0 een ne State Univ. of Iowa 


Twin, M. Rico es 2 ee en eee Univ. of Wise. 
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AR RE MINN AE NOE Medien, eth as eth a ee es Rockefeller Inst. 
BLS EEL C Sam ch Te eerie oe recon se eo A eee ere eek NB eee Univ. of Mich 
NVA Vaee NCTA CL TS Wale Syst sce Reels ce ae 6s sc os Nee OE eg be Northwestern Univ. 
[hae Bas ts he tere ee ep eee ene PP ae eee nee oI Uniy. of Minn. 

BISCO eid Ba) DE ore eaten ee EL cee Univ. of Cineinnati 
PERSO Ls (AO NALUL DWV chaebol rae Cc U. 8S. Dept. of Agriculture 
ACO D See LECT Ai cree ee eens etn ter oer eel nhs oO po onl Rockefeller Foundation 
CACO DS ame ome Lara serene eretyeesl Pk B Leal nh eaten AL EN) A TS Dee Naas ahora Tufts Coll. 
SEBEO DS elVie ET sire te Shek ae de ete! he Eo aa ser ee ee Univ. of Pa. 
REEHTO DG NVR NUC EO, ernst 6s yee hegre Bees ute al ait Rockefeller Inst., N. Y. 
SBOE OTS tL. wh WERE 7 ne 1H FSB Sort oes hs ha ea eh a PO Ago Nin We 
JTRS. AB Rei eg V peek Rn ce 2 le Se se Hosp. for Joint Diseases, N. Y. 
SOT este COLO siren eset oe he Jd a. esheets State Univ. of Iowa 
RPRITESOTL Ni OLS meme Nene een eh bs in? = Lk eae A AAAI eer Doce Fe Stanford Univ. 
SIESTA EGU hk BO i er her cienees andere te ee eee Univ. of Iowa 
ASO tigd 6 le warse Ms ek IN ae Siete a eet Squibb Inst., New Brunswick, N. J. 
JEP acre ae WN fees ee ae Rl rs ay AE ee aes a Columbia Univ. 
ROUT, A I bees cats Sac eo ie Re ORY Rae cen Brees Ecce oe ey Vanderbilt Univ. Med. 
SV HTIGO TIE Omar Nee etea eames a eae ce es arin bec ee ek aes etree Oe Univ. of Chicago 
BIO KIA GOVINO eee (6y ome emer Po Oia nk cern inte RE A Univ. of Utah 
JoOnnSOM Eos REE CEPA CR PRE 5 ee eee ee IE Princeton Univ. 
ey STAIR SCp TT Lieew by eee mes is = Pere ee: NN Nee ane NOMENA TE RB 02 eee Yale Univ. 
RVG IESE OLIN C8} eee meee ee ae Seo eter ante ke eae ve en ee ee Wayne Uniy. Med. 
JG litthewsNemi sia Ein eee see reer ee Seale eee oe et N. Y. Univ. Med. Coll. 
SIRES, LGC a cs eh eee me eee ree sep eetenee eee ates ie aeaenee ete SO det Univ. of Pa. 
Jones, David B......... Be ee Oe Wr a BB pees Ie U.S. Dept. of Agri. 
ROE Sam LCeTine bg sok eee eres er ee adr ete Jeet Se Northwestern Univ. 
SV OINES, Ubi, UB oes cee nee eee pe RoR are OEE Ba ds SN EE Re eA St. Louis Univ. 
STON A ER, BB pa Sane nla ce i ee et re te Dl a CR ae RRO Te DER Univ. of Va. 
EPDES Loh Lac EN ee Barnard Skin and Cancer Hosp., St. Louis, Mo. 
OS LIne soe Legere cage Zo eee ee nn eae he ee Harvard Univ. 
SUTRA RV ek Tyee Neer oc ieee ed ek a ee he oe Beltsville, Md. 
PRTC ae Leip] aeemrneds snceen mse ee nen fener r Fe oe Univ. of Calif. 
A SGUERA PCIE, LO TEESE trl nace ene a IER Cee Ree a DD Rema ET Washington Univ. 
ADAG, INEM ed es eet Bee ee Rn Northwestern Univ. Med. 
cig ET 1 Je 8] CA age eee Sc eee ee es Coll. of Phys. and Surg., N. Y. 
Ka, PVE IYC IO UND carae cae aay and ce sepa pas se se has ong te. Cornell Med. Coll., N. Y. 

VES Vata Ry) Dy ee Messina a a eee eS Rene eens Univ. Hosp., Ann Arbor, Mich. 
i ESC TART a i" DIE CS eae os Se Pe aaa a Parke, Davis & Co., Detroit 
Dey SES ey Ys ces 2 Nay ee em eM ARNO oo Roe Se MELEE EE Cara Univ. of Calif. 
| LeU SEN CN) Neg a 0 eae ee er Mt. Sinai Hosp., N. Y. 
orate, 1s h ON eg ee a ee ee eee ee Western Reserve Univ. 
USCC DOR OU Dek Sear the Se eae enn en ee oR N. Y. Post-Graduate Med. 
PEGA Lyme OTe 1h el epee oe a pee eae, Sere Tulane Univ. 
LEAS AS DES Re PE SAE Sa eRe ore oe a Michael Reese Hosp., Chicago 
1S GPESTIS OC) 1 er Se eo Dose nr ee eae Washington, D. C. 
Aree VERTU PALLY Ad a ae eee ce eta cas ee Secu aos abn uatadiedocensmaiond St. Louis Univ. 


ECC LO EO CSO ees ete oa gette a tae de PoE ocd Bg sh aha on cs addSwipadyabsuchte Boston, Mass. 


690 Mempers’ List (ALPHABETICAL ) 


Keeton, Robert. W sc .2-ccc-ccsaseoeretticcesceccetphecssonensneseess seen sapere anreeperezecnee Univ. of Tt. 
Keilesy Elsa, Ore .co..c.ccccccscesue canst ce nnennds duces trae ono Johns Hopkins Univ. 
Beets Ges, WU acces P cess ce ecg sesame nen oa oe Uniy. of Wise 
Keller, Allen Dis. usvee hcg serine es Univ. of Alabama Med. 
Kellys G. Magee cn tae sevesn a gee ee Univ. of Georgia Med. 
Keemipyes Hard yA cctcscscck ucla sees ontpcere eee eee Univ. of Vermont 
Kemp,-larold. Hina. ote peers nonce ee Public Health Inst., Chicago 
tern chan NS sere tarre se as ee re eae Northwestern Univ. Med. 
Keendall, His Ctesccnccccceccates 8 tes ce teoceeedese erate orn Mayo Clinic, Minn. 
Kendall: Forrest, Bis. vscsss.s0e oct te -Douglaston, iby Ik, 
Kerry W ii rig Ics caea. ees vs cece ceaco esos Univ. of Calif. Med. 
Kessel,’ Jao hi: Fy iis:ad-c4 mS icstcecoclgeteleeteee ee eee ee Univ. of S. Calif. 
Keston, sl cI) 525i 2 ae te te Coll. of Phys. and Surg., N. Y. 
Keeryy soir cA 5 a a hs ee nee Washington Univ. 
KKeerysy: A ice sie8, 52, See co eee Fe ee Univ. of Minn. 
AS TG 0s Pig fod vit, ramnee etomeme MET rns oo 8 St Rockefeller Inst. 
Kallen Jp cAue ten cave ee ee N. Y. Post-Graduate Med. 
Kian ed Vie: PM occ ace Sa acts b cl cuathces see Univ. of Va. 
Manor. Char lesdi is sire. © siren ce sere ace nr eae = ce Univ. of Pittsburgh 
Kan oa elenmsD ies. co 22 tee eee ee ee Wistar Inst., Philadelphia 
Kingye Joseph Ut. cisc-csseseceestacest ee eee ee Univ. of Minn. 
Kansellay Rial Age oct 2h ceca Ain er eae eae ee ae ae St. Louis Univ. 
KGprekilorial ese Mea rssyan 3 ee eee State Dept. of Health, Albany, N. Y. 
Kissin Mal to eae oc ee ee Beth Israel Hosp., N. Y. 
Kilevber Max sek nant 225 fees sch tessa ear ok eee ee Univ. of Calif., Davis 
Benen, (Us iSsccctsecresccenstesccescee cat ensee sae eect ea N. Y. Med. Coll. 
Klertman, Nathaniel 272) ace Univ. of Chicago 
Kholer, Sle) Jiceen soe han ee ee ee ee Hebrew Univ., Palestine 
SGU cP OMEN © Rai caer ene Reema ranean bo 8e Pee MS ive 4 Mt. Sinai Hosp., Cleveland 
Gia foie se eere are nt eee WR ern REA Coy Pte ej Noe Univ. of Chicago 
Knoetel Poi i.e tee ern tee ee Univ. of Louisville 
Knowlton, Mrank: Re. a.-3c.a.uen ee Syracuse Univ. 
Knowlton, Gee. 00 sie eagses ee an ee State Univ. of Iowa 
Keron son PUM 222ctcatozse oop te eee eee Albany Med. Coll. 
Kober, Philip: Ag, 3. csc:ass.-cvocag tee at ok Detroit, Mich. 
Woeh, Pred) Coser ee Univ. of Chicago 
Koehler, Alfred) Wt: tcc. + Leto Santa Barbara’Hosp., Calif. 
Kofoid, (Charles A. 22 s2s 5 cxccccessesancseucecace betes ee ee ee 
Kohn, : Jerome: Us set 5 iccccncax ect eee a Mt. Sinai Hosp., N. Y. 
Kohn-Richerds, Fs stts.< cco) tg a ene eee Abbott Lab., Chicago 
Kolmer, Sohn Ace aie cesst nc hte ee Univ. of Pa. 
Kopelotiy Nicholas. 3.212 ..0 )eee, Psychiatrie Inst., N. Y. 
Koppanyi,; Theodore, oe eee Georgetown Univ. Med. 
Korps, Horace (Mc esc. eco. State Univ. of Iowa 
Koser,Stswartis0 062s 2) ie ee ee Univ. of Chicago 
Koster, Harry sre ne ee Crown Heights Hosp., Brooklyn 
Kramer, Benjaminas ao ee er Brooklyn Jewish Hosp. 
Kramer 6.1) 3s ees eee een ne eee Dept. of Health, Lansing, Mich. 
Krentg, JC Stig Univ. of Maryland Med. 


Krasnow,: Frances... ee Guggenheim Dental Clinic, N. Y. 
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USGS BR os 2 Ero eee ee Pennsylvania State Coll. 
ERC DOGO wee ee Bes ee a il arg as Wiest s, Brno, Czechoslovakia 
LSI EU AGS Go PEL, OE ee ea ea PE ee eS Peiping Union Med. Coll. 
USE eI gd ha A SL ea ee ae Ween ce ee ty Uniy. of Calif. 
[LS 2 EROS 12 od oie: ae ee Ee nee yee eR Meee 7 JEP Univ. of Pa. 
Ue riermer PON PON SS pct. sn crt eee eee exo Univ. of Pittsburgh 
ISSR REMI EEN DWE TE iE one. lie eet ck. pence cae Nien Yeu Ciby. 
PETG PIE ESOL ROT AI oe Pe cto fo Uae es eee Chicago, Ill. 
CSreUL EON OER ohne cert A de Re rel ho eid, Rockefeller Inst., Princeton, N. J. 
LSE, LA LS 1s 2 eed ce ee om St. Louis Univ. 
GERI ES Ve ed WS RR, See ae ee | See ee ee ee nee rEnE eee! | Harvard Univ. 
SOS a Jac bts) 60 71,12) Ol aealy se tee fee eee ee Coll. of Phys. and Surg., N. Y. 
LSrak ETP sR © Sei amd a oR ee es OD Irvington, N. Y. 
L2c4, if POV Ss er Cornell Univ. Med. Coll. 

igen We Teiap Huse eee eee tee, eae a ee Rockefeller Foundation 
IRTTSO Fmt e ck til ph) Meer ators eee Ae To Re ons hart ee eee Vanderbilt Univ. 
Harms Oriel oO OCL Um VV rete ee tens cere oe er Los Angeles, Calif. 
Wancetrel dap) s. Eeemeer te ie oe ee ee Queens Coll., Flushing, N. Y. 
IBS G RSL OR CES 10S lee 2 ee es a Psychiatrie Inst., N. Y. 
[PSR ATi SS DOS 11 ES ARON ue fa eee ee eres oe See IUnCE TR Een lV, OIE Wer 
i ecricl sape vl) emer reton ree Us he oo ee ere Georgetown Univ. Med. 
SNES SENET ae oS Wg Oe a a ge a ene re eB el Rockefeller Inst., N. Y. 
IepaaKeest ayes DYapyd eM ea oe Bee eee tenet eee ee ele ee San Francisco, Calif. 
LOE TROT RA UNE a Sa ea ee ee i = eet ES Charlottesville, Va. 
Tires cll a OVEN Es 5 a eke Nk, Ae ol aN 5 ee eee ee eee ane Univ. of Oregon 
TLE REO SAO 1B daca See eer ae ee em mee ce a, a ae a College of the Pacific 
VERRINSUS Ee: EDI Gig) nt Bo Soph Reale Oe ater Sire eee en ee eam Temple Univ. 
IPSS AGN le Je ences Siena sees Uneaten oer ee eee meme eae =re Detroit, Mich. 
Ibeistorais, PTS ieee ieee acme. Nene aes eka eee ein een ee eee Med. Coll. of Va. 
SUES OT TMMmAV \V Gem ie ee oe a ae cee og cece anne foray encase suet Uniy. of Minn. 
Teeepyannay avs, 1S Uy ae eee le he Re ee ah Ng SN errs Tulane Univ. 
be Seat d CO) 0) Ue SAR Rete hate ROE Oe Mle 8 Univ. of Calif. 
Nea WSO viel ani Ce Tim © pen ter enn ee LL ee Univ. of Louisville 
gies, CCl, AD eae 2p eine a ees ee ane eee Univ. of Calif. Med. 
AD eelieS., Uh) Pe se See ee See eee ee ee Hygienic Lab., Washington, D. C. 
VEST RES ONE 010 LS ger ee ee Johns Hopkins Med. 
Ae re ONY screws coz ese crepe tas 7c os cevanuceseowsne x= tvnsdoeadepcaneeresesereuresnen stare Harvard Univ. 
THe NN CG Nem aoe pas sh sz indo cussaod sontads eeton cevexssparsnteure George Washington Univ. 
Pe nis AI eee a ieee aero oc cecdirin cn ab Peaaewatn” pg owig a ators abene Wayne Univ. Med. 
LGA Pee SS, 19°0 9 Ihc eo ee Ce oe Univ. of Chicago 
ae ee a EN re ee ceases casas eave sono ha ret oe mostra date aecetiveecaaaoee Rockefeller Inst. 
Mes ae ee ee a iawn cated eaves dap ssemenenaea nee ae Univ. of Vermont 
LIGASE Eg Shey a cs SS i RO ote esc Pees re eee oe Rutgers Uniy. 
OAT Vi CACLOL ests secede ects ccger corona sR sonnet causa ceanst eonsceeTarcon Johns Hopkins Uniy. 
Te Tee Nice cece swore aes o nd ae ane panna Baader cat oe faadar notes tanentnconnshe Rockefeller Inst. 
IPs AIE pa SAAC goer po ea nac decree Soot tn canes ec arilen once cea nescence eeraiewnsneloinatewwedeaneass N. Y. City 
Vv anit 5 1s: Ritch a aoe ve ce oe eee ae eR rite eee Coll. of Phys. and Surg., N. Y. 


TORING, TBS TE Viti |e Bel set on aaet meteor ote Re nia eee tener Ln eee Cincinnati, O. 
LDN IE ee Sake 8 caer eee Se Ne nee ao ere Pe eee nee So Pee Towa State Coll. 
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Wievine, Michiel 20 -tee-2ccteetccapctecessesntee tees Montefiore Hosp., N. Y. City 
Te vine, PH 22g ceciseces eee eee eee Beth Israel Hosp., Newark, N. J. 
Levine, Samuel) 2i.2)2.:.2:5. Acs cpccs cee ara sotatsececeeeneeemeeee Cornell Univ. Med. Coll. 
Levine, Victor “Wrssccccceciscseceteslit sce ocevcdsnsatreatie ounce ee areata Creighton Univ. 
Levinson, Samiel » Acscsccc5, 2 cccc seen tact etas cee renner eer e Univ. of IIL. 
Levy, Milton ios soc) cetacean eee N. Y. Univ. Med. Coll. 
Levy, Robert Lies ee erect terrae ere Presbyterian Hosp., N. Y. City 
Lewis) Howard. Bisse: Seccccccscscctascsceginc see oti toa tee eee Univ. of Mich. 
Tre-wis; “Robert Cis .tecssce pate ces cae etna acca ee Univ. of Colo. 
1 9 Wigs «70k O ROU RneD OR dere Veh OE ce Derr oor eed, eee Peiping Union Med. Coll. 
Diehtenstein,* Loniswe Ane er eee Hosp. for Joint Diseases, N. Y. City 
Taddell, “Hi. “Giiccteu yon ee ee Cornell Univ. 
Lieb, Cy Cincy seston esi ee ens Columbia Univ. 
Talliie; Frank: Rieccfeccicsstc ccc 8.ccc! sasccesdee te eee e oe ace Univ. of Chicago 
Taille Real iS 22 eo tec ee Uniy. of Chicago 
Lat Cosco aes a aes Peiping Union Med. Coll. 
lim, Robert: Kiss 23.2 ee Peiping Union Med. Coll. 
Tandegren, (Cs Cik.cc0t pte ee Univ. of S. Calif. 
Lindsley; Donald "Boca ee ee eee Brown Univ. 
Tinesar. Cah Asc.nt ee oe Se eee eer Georgetown Univ. Med. 
Linton, Richard W..cac eee ...Cornell Med. Coll. 
Lipman, ‘Charles, Begz. 2202 See Se ee eee verre Univ. of California 
Tittle, 0. Coss ase hota oie aos eee ee Bar Harbor, Me. 
Tay Shibshao sete ec ee ee ee eee Peiping Union Med. Coll. 
Tag, Saareh the 2s ee ee ee ee ees Peiping Union Med. Coll. 
Locke, AS Pe ee cot ee eee ee W. Pennsylvania Hosp., Pittsburgh 
Troe Dy Lie o, Bei eee see sande eece ene oe eee Washington Univ. 
Loot Ie bert uit! 2. ee eee Presbyterian Hosp., N. Y. City 
Loebel, Robert: O20 ..c.2 3 ee Cornell Med. Coll. 
Liebe winigs, Wiest. cae eee eas ee Univ. of Iowa 
Loewe, Siegfried.............. Pele rete este A laren a) New Rochelle, N. Y. 
TOndon SS Skate ee Leningrad, U. 8. S. R. 
Long; CaN. An se.c tics ae ee ee Yale Univ. 
Tiong NG Rs tte ce. a ee ee ee Henry Phipps Inst., Philadelphia 
Leng, ‘Perrin: Hypo: 8h ao ee ee Johns Hopkins Hosp. 
Longeope, Wot L..28 a.ee ce Johns Hopkins Univ. 
BPs seo iteat ail) Neken koa fee pee Serres Sey Beene ce 8s Worcester State Hosp., Mass. 
Lorenz, Watliam: Wye to 7 cso 0 ae Univ. of Wise. 
Teas, William Pe c.5 5 oe ee Univ. of Calif. 
Dueia, Sip Pie Univ. of Calif. 
Luck, J. “Murray 023 sscc.ccs a ee Stanford Univ. 
Gucké, Balduini sat. 0 nS ee Univ. of Pa. 
Luekhardt, As Re 28s c2 tists eee eee Univ. of Chicago 
Lueth, He Cisco ee oe NA Northwestern Univ. 
Lukens ,: BD Woes an Ne es Univ. of Pa. 
Lund, Hee dD wsiscetnnestesteahs eas cei? a eae, ee Univ. of Texas 
Durer Mex! B22 sone nn eee Henry Phipps Inst., Philadelphia 
Duyet, Bad xc. catia es corns es ero nee St. Louis Univ. 
Lyman JV By cocoon enc cee ee Ohio State Univ. 
Lynch, Clara /J'o..:.812. ea ee ee Rockefeller Inst., N. Y. City 
Lyons, W. R 


sapcbbeca ced iacupes taht bates cto ae ose ann ey Oe UE StL eee Univ. of Calif. 
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SCTE R161 Is cs eC Univ. of Rochester 

Mie Crarries leur eared sae i ete ee gs 2 Wes ne PS abd A St. Louis Univ. Med. 
McClendon, J. Francis................... ee ok etd Hahnemann Med. Coll. 
IGN CAPs SO Al CTT td ME ee ec SD ec eR PICO Univ. of Towa 
PPE Aiths eee See ee hea oh hs en he ee er Univ. of Wisconsin 
EGO col) RE 2 Mates te Sd eRe eG wash, Johns Hopkins Univ. 
MEG SoS T2R4 CAC 7 Lynn 2 a Pas OC DE en een RO Univ. of Rochester 
SUSU E22 2 fre RR ne nC Cleveland Clinie Foundation 
Were genet NMG rsa nt oe fate ie at tet Aes eee Univ. of Pa. 
Me Machern, Wonnld.n, cncd ocean oecs Montreal Neurological Inst. 
CASTS 9 G57 at Ce a le Univ. of Pittsburgh 
VEGI e Tey UnISI GT ae eo ete ee a Loy ds OE RU 98 ae New York Univ. Med. 
LER SCS TTY ATA ILEIN cc Nee ai coe eG eae PORT Parke, Davis Co. 
WAG GREDVER 26 ol BS Sse Ee eer ae eae oer eee ee eee ne Univ. of Illinois Med. 
BU TSO ET aa ea a Babies Hosp., N. Y. City 
bal PS nao go | PANO Ce ee ee ae mr Univ. of Nebraska 
Mic ley ei wii se Anatase arr ee Bassett Hosp., Cooperstown, N. Y. 
HVE a braira ceria brrcnn age\ ae ce re eae oa ees een Loyola Univ. 
BING ENC Vid CU ome He eee ce cen EN So AE Univ. of Mo. 
ENV Esty alps ee Ug Se ee ae ee ee Univ. of S. Calf. 
ISTi@EGGrrail Gaya tie Es emerald ee George Washington Univ. 
ING ONES po JE ee i ee em ee Se re OO Univ. of Minn. 
Dy Ro ERLE 2 FE Be ee Eee er Univ. of Chicago 
WeMactertaiiili py Lys oete.. ot. ee See Rockefeller Inst., N. Y. City 
UIVCGANTicooarracietate J oN Vicente se 2 2a ge LE We 7 Se et ee Pittsburgh Hosp. 
TENN aoe a lJ, AL ie a pe eo ee om re Se AE Stanford Univ. Med. 
EN eg ONO ee ic Tecate ees ee gi eK ie eR Univ. of Minn. 
WY Gis, VAG AOS 23S aR Re ae ep eer e ae Peiping Union Med. Coll. 
MacDowell, E. Carlton.................-.. Exp. Evolution, Cold Spring Harbor, N. Y. 
WOR WS Di a ee eee ene Hynson, Westcott and Dunning, Baltimore 
ULE PGs al) OARS, Eaten ne ea Seripps Metabolic Clinic, San Diego, Calif. 
iIMackenziemiG corres Mise a2 soiree eee, Bassett Hosp., Cooperstown, N. Y. 
Ds SG ey 2 Bs aE etait Aaa 8 to te ree Rta ES am Eco Columbia Univ. 
Ise RO Eee N EOL ol sere a ce eae ne otk wbevnavs N. Y. Post-Graduate Med. 
Ay Tere! Nit reseu Voll rear (Le es soe ee eee ocr ee cee oe eee. Univ. of N. Carolina 
ERS UOTE Bee se ON IE ero ene a NE iene aS ea pS rn Detroit, Mich. 
IGE a UR ome Ra ced no ne ee er SE A Mayo Clinie 
EIRENE 07) 1 8 Ee re cr ee Med. Coll. of Va. 
DEAS Tat RONEN a a re eo oD 2c Sands vel oskancgsa eden ceeatece St. Louis Univ. Med. 
A PRIGUET GEO A "01 | EE) 17 pd Seen a oe ee ee RESO oe Worcester, Mass. 
10h TSN DSTA DANO) WONG 2k Se eee aR ee ean Seo ee Michigan State Coll. 
TOU MoS DET Fees vee URE a ee Laie mn ee ee ee Boston City Hosp. 
De (ORES Gi yd 8 ISS ie 7 ep Beret ee On Howard Univ. 
UN ESE UN FOR eS ner ioe Be OP N. Y. State Dept. of Health, Albany 
Lh PSS a ag 1 eae a N. Y. State Dept. of Health, Albany 
SU Ee 0 Sa a cl OMG ES SP eo ME aire aR oe a nN Mayo Clinic 
Jun aA TB ISD Sue Se Ee 2 ce meer SR Oe OD le Oe oe Nz Y.. City: 
UES oss PES CTS TMU] 12) eas a ee ne EE ee Univ. of Oregon 
DYE AME rey ILI NREL cee eee AE cee sa ale So ows vos vetat ppenth ce sceyeianantanersazdine Stanford Univ. 


UW RICSTE SP SURES BPPCTr OE) Cr Beem ne Syracuse Univ. 
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Marine, DavidlJ,ccc.cucsicvrcce cee Montefiore Hosp., N. Y. 
Markowitz; S&C ices. sccsdetscesnctesosesestatectsacoeea coe een ee ce=r renee ore Toronto, Canada 
Mariott nt ge ds ocnc:d/cccbosccpesenes dooce ewes tccccaece ene oe gees eee New York City 
Marsh, Ros Pe cctic. acess otic ecto ne sca ck sacra esee cnet eee New Brunswick, N. J : 
Marshall, Heo Ko.) ir i2eg,cccecs nase sass cacao eee eee Johns Hopkins Univ. 
Marshall, ‘Max (Socs.c2ceciscoph coches: st eseesera topcase gneeueee eee Univ. of Calif. 
Marshall, Wade Hhc2iclcces:cs2tucentusscspeiorell deca eee eae O DNS LO eas Univ. 
Marra, (Teasyccsisha5scih coe Bete sect ecu ecm Johns Hopkins Univ. 
Martins So) sccecccscececcinc ise cto waco canes ee cre eee Bellevue Hosp., N. Y. 
EVIE 376 Pane « Gms emanate nM MRR Seed te erecg eRe Vanderbilt Univ. 
Master, Arthur Mi vcss iecccscssssctcosctutecde cicecheaee eae ppeee eee aoe Na Ye. Cuby; 
Matas, Rudolphisnccine tener ree New Orleans, La. 
Mastill; Henry Av: okt cated eee State Univ. of Iowa 
MaiighansG..Hii si eee ee hee Etna, N. Y. 
Maver, Marys Fis salea oe eg ee eee National Inst. of Health, Washington 
Maxey Kenneth Wax... .e-ccts ce ene eee Johns Hopkins Univ. 
Mayerson, “Sis... tek ee ere Tulane Univ. 
Mearyrnaired Diss oid cssiceszp sete dtc scausigg sets c 2 a sene cae camera ere Cornell Univ. 
Meakins, Joxiatharics :sftccc eet eee ee eee MeGill Univ. 
Médesy. Grates ss41/20 a) ee eee Lankenau Research Inst., Philadelphia 
Med lan sy His). Misses bs9 on ce ee Mt. McGregor, N. Y. 
Meeks Wialter "Ji xcecel 2s opiate eee Univ. of Wise. 
Meprail, Himersoms. 2 cs sche a ee Western Reserve Univ. 
Melos WH iD seeeees oe ee SB eee Dairy Division Exp. Station, Beltsville, Md. 
Mellon, Ral phrits8 snc ues ee eee W. Penn. Hosp., Pittsburgh 
Mien Ve allive2 os eee ces ne lace oe en Harvard Med. 
Menten WMatides Ti. 22.21.4128 oe i eee Univ. of Pittsburgh 
Menvalles sheonod)..8 5.3.3 ace een Tulane Univ. 
Mera ine x0) Ry eesti 2 ae ere ee ee ee ok Jefferson Med. Coll. 
Mettier, "Stacy Ries :c:.8: 3g ee eee Univ. of Calif. Med. 
Mettler: HgoAl. it 230.5 co st ae ee ee co Univ. of Georgia Med. 
Meyer, A doli le. 2 Scots e) 2, bee ee ee Johns Hopkins Univ. 
Meyet, AlN) vevscccasnvadeiterct Aha a Ie WG, Cillay 
Meyer, tARIW) 2.2 8 os. co ee ee Stanford Univ. Med. 
Meyer.) Karl. uh ee ee Coll. of Phys. and Surg., N. Y. 
Moyer, Ke Este st sit veaiwetteee Univ. of Calif. 
Moyer, 0) Os ecttenetics. ster oti at acca ee en Univ. of Wise. 
Meyer Ride neiie pact aie cut ieehicn eee Univ. of Wise. 
Michaelis, heonor 2 te. cc cncan ee ee Rockefeller Inst. 
Michels, SNiGA Wee tt 8... nce eee eA Reb Rea tt DS Jefferson Med. 
Middleton, WiiSs Ste c.f ot on eee Univ. of Wise. 
Miles, Wt) Boseisd ahs Sess xc hag sac ose oc rah as, ee ge Yale Univ. 
Mallhorat, As 0. geses sar 3 52 bee nk aig 4 8 ee Cornell Med. Coll. 
Miller,’ C.. Phillip ss Jseee.. Leet: ec ates pee eerie ee ee een Univ. of Chicago 
Millers BGs S17 2ie gee a irs oot eee Coll. of Phys. and Surg., N. Y. 
LM ee OS eerie ee err en te Pee Univ. of Minn. 
Miller, Wranklin: RR, .. ae se.s.0c5 oie tees eee ee Jefferson Med. Coll. 
Miller, , Wrodericl | Ryuichi ee ee Univ. of W. Ontario 
Miller, (GijuFl 2) ois ous o cece eae Amer. Univ. of Beirut, Syria 
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Net rarean eters coal ee OS ened Boston City Hosp. 
iN Tiirscs caver At itor Cher eseaee ect clas UNS eer eB nyt Reece coe Rockefeller Inst. 
ENDED Man gw On AP eee oa gd Aa scoped Jewish Hosp., Cincinnati 
Michell emrlel ens sewer Steen: 2.0.2 Sey ee wr aU re ee eee Mass. State Coll. 
Marre re Oh ss WV nce nes Se enn nee aoc AR Syracuse Univ. 
INURE Seb i Lace thal SE ARE Ns a ap aera Seth eo i ee eM Rahway, N. J. 
WY ovo AS Be a a pe leg ce eR Jefferson Med. Coll. 
VEO Or ean Avge ae ee ie LE Oh BS eo ee Univ. of Oregon 
VLOG EE am ar] hy eee ae eee Se OR OS Pe The ee Ae ee Univ. of Chicago 
Go ep Vine IVI Seen at ee tee) er oor ee Oe Ant One ee ee Univ. of Oregon 
VEG OTC mei emeerme ee teal wears get ete DEE Tero e REY Washington Univ. Med. 
Mor ales-OLerog by 5 tenes e eet ras School of Tropical Med., Puerto Rico 
IMioiro uri seeASac eee ees repre Ne Se a ee eee Univ. of California 
Noyes eat AB SS Daa 5 oe A eee nae ee Calif. Inst. of Technology 
SVEN Oak Fy ee aaa eae OP Se pes Oc Le EE Tee eee Harvard Med. 
Morrell, J. A............- 253 sare oe es eg E. R. Squibb and Sons 
Morse, Arthur.......... Re ee IE ey AO New Haven Hosp 
Norbord © Livia) meee meres ee shed ode ere Univ. of Rochester Med. 
Moser tealopeiiag 0) ete ee eS ee eee ene ee N. Y. Post-Graduate Med. 
INVEST clon VV perme nome Cee Nee Sn ee ee red Peiping Union Med. Coll. 
wy RPUg Go (Cire om 6 1) | RNa eat, ae eae eee eo NORE N. Y. City Bd. of Health 
DVT Cees bia ieee sere: «on Lei res  a  e Univ. of Pennsylvania 
WEE sgh: (CLS AS sa 5: As SL Ue le aap DAE LUBE cs 2 Ae ED Univ. of Calif. 
Jn Rio) a oe REET Ch er ese eB ee eee Northwestern Univ. 
WUD a eEM ess, ch faye Ra Gf Ee ee ars eee ee i ee eer Harvard Univ. 
TWN Gu ty aeY 0 ING RG els ee ae a gi ae Coll. of Phys. and Surg., N. Y. 
LAC) S60 Le, ig es Sak Mee ae re tee Western Reserve Univ. 
IOUT, Ghy e psaasatee see ce re eee AEE ee er Ree ee ean pee Cambridge, Mass. 
Wee, LEC: Cie ee al ae ae er ane Edinburgh, Scotland 
RM Gales, TNR aS: (close oe ela em ee Re ES Univ. of Chicago 
IMD bain eyyd Keates TENOR ie eke ae ees ga eae ae eee Western Reserve Univ. 
WW atwat, ANON A Sa Yas see aos te ee ele ee ae eee Univ. of Rochester 
BVT canrg 1 Easy age Li) see keene eee ree eee Se esc ce ctun an den toes Univ. of Pennsylvania 
IN GTO bry Gs, hd asin let et tee ore Pe a Rockefeller Inst. 
PU iae eV up RIALS cD ces eet ede od oes kxen to Aa ccd gp ond sn ancorctepneasosactehe Rutgers Univ. 
AM STPRS Site POM Ny 3 is Ee SS ey epee PRE Tulane Univ. 
Ly SEES. sCLAEIS £2 die Ai ae oo7 | Rae aa RO Se SSE Columbia Univ. 
NAN Rp lag 2 cell, OR En 9 Ra Western Reserve Univ. 
vel ey eh Ses: MUSEO SU as eee ee re aero rea New York Univ. Med. 

AS ULC Ne pa AUK ES oe tah aan posse tte SN. eociso sae paced Mos aateancetes Sbeuce DAS Tulane Univ. 

OS ae TSO LE Mao Petpet at no Yo heat ev ana atis easa oat Senecc ast bud- antsy sonpber Harvard Univ. 
PNG oe Wie thes Tw AOR BE ec 2 pou carewexseccsente San csb aw agus s-cedenseei nest Los Angeles, Calif. 
TSEC (Ss 8 eh 0 EE ee aoe eer Michael Reese Hosp., Chicago: 
INIA ROA SIP Dee Rs eee pe Re on eee reir ae Univ. of Illinois Med. 
Nea gD BSS op LY IAA 8 ee U. S. Dept. of Agriculture 
Dee eo rn mE Ve Ug Remco ieee Seek cece rc yield voter ed esata teh sete: connde ain saseosnScbase Tulane Univ. 
Be ear ELSON gC cee tee acon ae st Ano Seu horde meni LacistdawadnaSenestontts Rutgers Univ. 
BO g NC OM Baretta era son nz alse vou sdecanty Sensbtscwtatnnsrvonceceasn dundee Iowa State Coll. 


BNO Us ORV MANN FLO esas ce Pi place set axe casero crite ce vnearnncpeeevvsnncercbep baci once ineazace-dt Wayne Univ. 
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Neter, Ebrwims22..ci.g2 Ai cette ccoeaace eee Univ. of Buffalo 
Neuwirth, [sates cg.cticiadvn cesses elas pts tees nee eee New York Univ. 
Newburgh Lowis Hei: 220226. occa ee eee Univ. of Michigan 
Newman, Henry (W stesso eee Stanford Univ. Med. 
Ni,’ Tsang ei. case: atv haan Lester Inst., Shanghai, China 
Wee, Tas BBS aes cee ae er Chicago, Ill. 
Nicholas, ou SS ose Jch cudele Uc 2s ce wesc eee Yale Univ. 
Nicholls, Edith: Yet: 2tveseeegc so eee Danville, Pa. 
Nichols, Me S..sicecseciesce esac et Ae eee Univ. of Wise. 
Nicholson, Hayden Cisicuctccicc ee Univ. of Mich. 
Nielson, Carls ets ot ee Abbott Laboratories, Chicago 
Niles,’ Walter (ints cx 2055 cpr Cornell Med. Coll. 
Noles iG2 Keine] eiyny diesen eee Amer. Museum Nat. Hist., N. Y. 
Norris;*Harl (Ric ee ee ee Univ. of Wash. 
Norrisy Tat Gizcatoe oe ais ceca e Aeee Cornell Univ. 
Northrop,/Jobw Ha sneer eee Rockefeller Inst., Princeton, N. J. 
Norton's ig) Wiz ears oes 2 ie os ee Upjohn Co., Kalamazoo, Mich. 
Novy; Frederick: Goi... Akasa ee eee Univ. of Mich. 
Nungesters: Ws Jick eis ee Univ. of Mich. 
Nive Fe. Nicos, hb aecearic eed Set eee ee Boston City Hosp. 
breshkove; Vasil ssc eee ees St. Stephen’s Coll. 
Ochsner, Je W . Aw 2 2. 2 es ee Tulane Univ. 
Oertel, “Ors t szeece oes cee eae ee MeGill Univ. 
Oeshing iy Bites ae ee eee Chicago, Ill. 
Oe denn, iGo, cso dipencesee te nak slen eee ae Univ. of Calif. 
0) CS fila S81 ae Dee een eete ener eee eee wn MEH e eG Se | Univ. of Calif. 
Oldibere, Terie. 2. inierc ane Eo ee eo Univ. of Ill. Med. 
Olean yirk Jie Mu een cece, a eee ee Washington Univ. 
Oliteky; Poter Kav. 6.) oe seed ee eee Rockefeller Inst., N. Y. City 
Olimery Jean 15 7 sank tes hon sees ae eaten ae eon Long Island Coll., Brooklyn 
Ogos al th ere rent eee ene ce De Winn ain Cero Long Island Coll. of Med. 
Olmstead; Miriam’ Pica ee Presbyterian Hosp., N. Y. City 
Olmsted) J. Ma Dives ee eee Univ. of Calif. 
Olmsted. Wire Wie cea. n toe oe ee Washington Univ. 
Opie; MUS ene Ws fee an eee Cornell Univ. Med. Coll. 
Oppenheimer ys Bi Segoe oe Columbia Univ. 
Ornstein, Géorge Gite. 202 2 ah ee ee Columbia Univ. 
Orten, ‘James: Mere noo asl oda tna Wayne Univ. 
Osgood, Th. HR 25 Ose. ccc: ence el ee Univ. of Oregon Med. 
Oshund, Rc M seek ace oe eee ene ae Los Angeles, Calif. 
Osterhontsy Whe DisiV on catiae cess eed ne ee Rockefeller Inst. 
Oltenbery, Tit 00 tae, 27.2515. 8 Va ee ee mee Mt. Sinai Hosp., N. Y. 
Oughterson, A Wists os, ft ene ane Yale Univ. 
ack, George Tie ESS, sce ce eee ee ee ae Memorial Hosp., N. Y. 
Page, (irvine si yes 3 0 eee Indianapolis, Ind. 
Pak; Chubyungcc ese = eee Lester Inst. Med. Research, Shanghai 


Palmer, Leroy S 
Palmer, W. L 


SE errant nae ae Noe Seat i adh Univ. of Minn. 
sonteczuchutent sath atcn ete ao a en Univ. of Chicago 
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(Reale reais Wien Wie ses ee the ee: Soaks eel ee ee Presbyterian Hosp., N. Y. 
BPGPATCGIAGT AICO TEE AN 5S. onc nce cd cceucs hesccadecaedth eeedeveiak Cornell Univ. Med. Coll. 
Rap penhennerscAce Nese. ee. Cae eee ae Coll. of Phys. and Surg., N. Y. 
AL Pa ICRA IND ES Ay NN os GET oe fcc ca sc eae cede ca otacine eaten cte cocenae toast Harvard Univ. 
[zai Keres beeen cr tueae Peer cf os lA ae Rey ae 88 Johns Hopkins Univ. 
[ELC Tee Sg CRA fg ee een ne Ee peat eee Boston City Hosp. 
Bye Keren GLCOTS Cape cat tae ek oe scorn 21 2s Ce enc a ed te fs es = Harvard Univ. 
Up curercap rome V Veer eaten be ny og COE ee George Washington Univ. 
TERRES OVANSH "a DEVE Ghd MSR ek Re a Wan eaten re ey eR Pr nr) Univ. of Wise. 
IBatbersoneeeenormas gr lyre eae een nee eee Et 0c Wayne Univ. 
TexNOI LS, VSI Ter a 0) ee a ee eee eee a eee eS State Univ. of Iowa 
POAT COELHO CISC eer ose oat een ete ee ee Rockefeller Inst. 
(eeu yar ri (eee eo ees ee eee ce ooo A ee eke Johns Hopkins Univ. 
SAT Seem Lie rin at ie Hiren ee te eee, ae tlh 2 oe ees Univ. of Rochester 
PGA SOriop earl ome earn tne toes 2 Se Agri. & Mech. Coll., Texas 
IED coapesecame Miecg ress then 1 (peer eee eee Sek es cal es N. Y. Post-Graduate Med. 
eck Sarnie le Meer reser rss he nee ce 5c.) ee ere et Mt. Sinai Hosp., N. Y. 
Le eg Ca Il fale he a eee Rte moran N. Y. Univ. Med. Coll. 
Rembertom.miialp he 22.2080 8 per reo es Memorial Hosp., Abington, Pa. 
WENA THe ced RES be 5 ee et ce ee ad eee be ese Rete dee Kentfield, Calif. 
Eeaiire cl ame Vursill el ests teoee me eet ae he vn pep rays Seinen ee a McGill Univ. 
TPees ay greed, CO), LEGS RT as wie Seat ee eet pare ee eee Univ. of Pa. 
ere beawe Ll) siyl cl omemememerenn cof eaakA2 son piel 6 Tey ae bdr ete ots Montefiore Hosp., N. Y. 
Gri Zawie low Van) lari were ie ries? ee a ete ie: SWS ste ee re ee Duke Univ. 
I eusnVi cite EV OW EUE Cy EN eee ores csr ee eris rt e CP eee PES Mercy Hosp., Pittsburgh 
Teka ciety, LOSES COUT NG Ve ee aes a eee eres eee eee ee cet ee Univ. of Calif. 
GECH Ta VG bs TSE U TOES eee AOR aa rrr ee ee ne Pee Cleveland, O. 
DECEHET RSE“ UCOL ANE cena acces ner bese em WEE eerie ace ane eRe Cae ey Sate eee Yale Univ. 
IPYELICIAR ETA \NY 5. 1 geet ai ose ae eee ew eR RE ao Uniy. of Minn. 
Eyal, Noise ele WA a ent eae a Re ea ovr een Seaview Hosp., Staten Island 
TPE) bio Soot os On iar ae eon cea A RR eee Univ. of Alberta, Canada 
NEYO erg ers Se ct Sit cw es ae hla osteo enacts ME Univ. of Chicago 
CRs TAT gl ea DO LO Se A SS Johns Hopkins Univ. 
ast 4 815) tg (td | er ietdin aoe meray OP Sane ee a ee Parke, Davis and Co., Detroit 
Ee SI BR eee at kn oar pe ee ore eee Univ. of Chicago 
EL USE a8 a he eres ete ae A teal EME IER Pe Univ. of Wise. 
2 AeA oh Ss ALAA 85 ge Ne faeatye tetae eS eA oe i ee SO em Se Cornell Med. Coll. 
| ENCERG Fact SF: 0) 0 ib Alacra ce ee se ea Univ. of Vermont 
Ut (0g 90 Cae hee BEY ce AS SLND Pe On AEN AP eS Univ. of Ill. Med. 
ISN Ke TL ai Le In ay armen tere toe aN See ree Cen ee oo ee eee, aera ne Kirkwood, Mo. 
IE aA Ep ON ees ee ae TC Sasa angen cS avs. esc ppaneswnemedonet Bedford Hills, N. Y. 
NECA DETE oe hv BN foals) abet the ip tee ene ee Nat. Inst. of Health, Washington 
PAE gh pee eee errr eee act noe ca aa ae seed donde wot vanadeer ode aomzanas Univ. of Iowa 
PICS IA ere & senate ory oe DR eee Se nO eee ene eS Univ. of Iowa 
Fer Vi5o 8 BIG Cin ile, ch ro heer an ne aa eB Pasteur Inst., Paris 
HERO MCC LAE LOS act gerne Ae fee babe dec a Scrac she -pmatactymas cadens: <psesncenenoaee dian Univ. of Colo. 
| ESTO eat G9 05 2 06 ror aa neo ee Pe eer Los Angeles, Calif. 
1 SEN LIER 00k 5 IBRD tell Re) BeNeh nt Sam See PE eS ROSE Cornell Univ. Med. 
1 ROLES Se FN GS Sr ln cae pe cee ee oe Northwestern Univ. 


Senne nero El eas poet reg oe eg stashed saecvcaponcreadeeyete Michael Reese Hosp., Chicago 
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Ponder, \Hirie.2. 2-3-2 soups ieee Cold Spring Harbor, N. Y. 
Powell, Fle: Mi ih cece: eee te ear aseeearereee Eli Lilly and Co., Indianapolis 
Powers, -Grrover ) ects ss.cc2e2 8 ies ork ss gcse ste oozes eke ee ea cee Yale Univ. 
Pratt, Frederik: Ti seccccesccecteccecssorasercesectuns tacoma a eee ee Boston Univ. 
Pratt, Joseply Hh. sscc.isgscsbecee ceeesotcagauecsetczechacasecucee ee aaa teas meee Tufts Med. 
Pribramiy, *Wrme@sticcfoicass chested ioe coin ceca oc Chicago, Ill. 
Proescherm seas oh sd alae cn oad A San José, Calif. 
Prtestow,  C.. Bis. fcect eae ete cao see Univ. of Ill. Med. 
Ore: Arrviarid oy ihe es are ie ere eee Milwaukee, Wis. 

Quigley. be Piocecncencce cea ctes nace seco eee eee Western Reserve Med. 
Quaimy, WC ccccceeee eset cece eae aero Peter Bent Brigham Hosp. 
Ragin, Tia Roar attsigstse ti -1c. Soc ee a Univ. of Chicago 

Riahin,.; Outi ecsat es ae O28 ce Cornell Univ. 
Raiziss, “George Wise seo seereae eee Inst. Cutaneous Med., Philadelphia 
Rake,. Geottrey iW)t... 22s eaet ee ee e New Brunswick, N. J. 
Rakieten, -Mis she Ea ee ee ee Long Island Coll. of Med. 
Rallis. Wain: Pit tes ee ..N. Y. Univ. Med. Coll. 
Ramm aie yc Hear Cis sc 5 rac see Univ. of Colo. 
Ransoniys Sec: W sa-foscs-aeec A) nao eco ee ee ee Northwestern Univ. 
Fup ports gD) eythane Tufts Coll. Med. 
Rasmussen yA. Ue, eee Univ. of Minn. 
Ratner: Bretiese ce. «2, bed oe ete eee ee Cee N. Y. Univ. Med. Coll. 
Ravin (aS aoe sche occa: AL ea eet Univ. of Pa. 
ASN AMG ie Pe tc ea rea er open omer ener oe IW Long Island Coll. of Med. 
Wavy, cLhemiyy Mite. t 25, k ete eee S. Side Hosp., Pittsburgh 
Reads. Berna dil e. s2.. secon cena ee ee Lester Inst., Shanghai, China 
Teed yeh 3p MG TRO To pees cas ceoee a ee Soe ee Stanford Univ. Med. 
PeRG Gy. Bi. BR i Biocenter ra ee eck Rutgers Coll. 
Reed Carlo Dives) ca ticle ee ae Univ. of Ill. Med. 
Releherg, Wis Wei 55 3.8. ck a me cee eee ee eer Stanford Univ. 
Teich te, EBS a2 Freed seek pg ee Oe ee Western Reserve Univ. 
Reman Oba eG Asse cnr ee Jefferson Med. Coll. 
Reimann, ‘Stanley Poop cciecenctcpcecsias attests eee Univ. of Pa. 
Hemmer ce seats t. eer). gta ene Burroughs Wellcome and Co. 
Rettger, Vi: 9 Fos. 025 ceesasfeawts users dsbiees teresa Yale Univ. 
Reynolds, Chapman. s.22 1.1 ..eere Louisiana State Univ. 
Reynolds Sc Wen yas oe Long Island Coll. of Med. 
Reznikotf,; Pawlet re tcc 1 5 oe 9 ee Cornell Univ. Med. Coll. 
Rhoads, Corueling #2 .:2-)2...2. 166.0 Memorial Hosp., N. Y. 
Rhoads, s Pam Oreos oncaerate cack ceoecetn ds ee Northwestern Univ. 
Ruch,, Arrigo lash 025 gece ate se ee ee Johns Hopkins Univ. 
Richards; (ALE red Ne ecco fenced cc cits ee ee ee Univ. of Pa. 
Richards, Leah B t.ct fee eo eee Memorial Hosp., N. Y. City 
Richards, Osean (Wiest 20:0 oo ee ee Buffalo, N. Y. 
Fitehierd sour, (Ao cerca carro ca cee Stanford Univ. Med. 
Richardson, 2 Rio testes ccc ee Univ sot) Pa: 
Richey; De Wayne Gece ee oe Univ. of Pittsburgh 


Richter, Maurice::c: 4. 221.eu 2 een ae N. Y. Post-Graduate Med. 
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Riddle, Osear............ ie eon oe Exp. Evolution, Cold Spring Harbor, N. Y. 
ktunve Weisbar) en ech eens, Co anh Hee niet ee een ee Univ. of Calif. 
Ramee Vinclrae be eeee ee 05 le) ee ee el aed ee Montefiore Hosp., N. Y. 
EEG OVERS RNC Beco Sn 5 at Van Sea seen eu nate cause Maccusee meee Rockefeller Inst. 
EUG Were) ACR SANS eee ee 2 he ee Ruri a date Be Syracuse Univ. 
EO Dersic MeN ner ects en ree co 8 2S eRe ee ee Univ. of IIL. 
1G SRS MRS CG ee oer aero aoe a Sn Chicago Med. School 
Robertson 6 mumabethe Giese ek 2 ee its opie Univ. of Toronto 
EUG e2bSOTiem OS weld Cl geld seventeen Sen oe ee oe Univ. of Chicago 
RO DIMSOMMICG HAT LES yO me settee es toc ee ed ee Vanderbilt Univ. 
BECO 1A SO 11m LL lee oe eee Antitoxin Laboratory, Boston 
IS OSGi EN re ed ore Bec SGN near tenn RE George Washington Univ. 
Liaveqevoes, fl three) ee east 2 WS etait At a aa ee MANE OE er ce eee Sea Baylor Univ. 
DR ayee ON EBS aE CUNY Pap sc 2 52 ES Ee te ER aE RR ry Univ. of Pittsburgh 
Ro hd embuneyy Geonte isc et ost ee seh es eed Lenox Hill Hosp., N. Y. 
A BY SVC AMAUOY Ey Ja Cob tsfod Dees ceptencal ee RS RI ney cet ena Cornell Univ. 
Ronzoni, Ethel............. ect, eR cae We seed Oo Bees ee Washington Univ. 
LECOTING We NCR \ penne et ocr eet 215 ae < eel L B e ee London, Ont. 
OU ANN RPP ee Eh le os sala ncsects Sl Beet Coll. of Phys. and Surg. 
Tse ek Fa ae AL) ae eh Bee ed een Ao Oe ee eka a Yale Univ. 
RosewAMLOuglt ss © ent. 2. Prudential Life Insurance Co., Newark, N. J. 
FUosenme Vici van S Wye Zoe aoe. a Ba ee ye ed Columbia Univ. 
TECOSE EVV iill biaatate Oar eee Fen CR, Se ea BONES e Tn Ses ate eet  e Univ. of Ill. 
{POSS Ta era |e RES a nee er 1d AaB eee ESO Montefiore Hosp., N. Y. 
LO VSSTVON GS, 1g Ong ee ee ee eee ee Se oe Mayo Foundation 
Pre ta Met ANA Ae ee oc ees es ee: Israel-Zion Hosp., Brooklyn, N. Y. 
PECOSS Tats ie Mt MBE eee Sate ee eee ee a a es. sos eee Univ. of Ill. Med. 
TROIS, WINGATE, tor es ne EEE PY eI ene OR AMEN eC Th Nee. City; 
VREGIED Ghar SORE Oe 1 SY a eee ea eres ee irr Se eee rere George Washington Univ. 
URvONUES RUN AONE sco Sete ee ee re Rockefeller Inst. 
TRO sya Oe wediaes Cy Secor doce e, ccs ceet phe oas Philadelphia Inst. for Med. Research 
PAT) Cid LEC at 110 oc ea ee en Worcester State Hosp., Mass. 
putas crits bape d a tet ad Be | ene ee an Se ep Se OEE Mt. Sinai Hosp., Baltimore 
IE er orate 0) lic een eee ces ee Ars eee ae Savin ds var ease es eareeeee? Wayne Univ. 
LBSnbi eel 018 SD RROY AY Sie gSS, ee ed a lee cre Reo ee eRe rn Hunter College, N. Y. 
ECE Crap te seek tee cg oe ea none eens eee eect Univ. of Wise. 
LEST SC) ey VE USE ees ee Nae es BEES ERO re Teen N. J. Agr. Exp. Station 
Sabin, LACS O08 Rs ein ot on St a a ne Children’s Hosp., Cincinnati 

SACK Sure) eee ses este cen en rated Seah Se setae nee ee see Univ. of Mich. 
SEALS es U2) (05d) US, So ees een eae aN ee ore ene ane ee, re Detroit, Mich. 
SINE ae NN ULAR eee onc eae aiacSin na as dvb scaid dailisan 3-naiedts tugs nedecassdseieRaasencete N. Y. City 
POEL AS IG IS | 9 nl Pe ORO nf Oe Univ. of Calif. 
ANANSI ae tee wise tarsi dapve eosk sa abcciStur sa Sators Mt. Sinai Hosp., N. Y. City 
wo te Gash NOR Seo 26 een Poem rE oe emere Ue ea Boston City Hosp. 
oh hes Oe MBs nO) CG A cee eee one Eee Rikshospitalet, Oslo, Norway 
SSNELTIUUT 3 emis ie sere ae ec gs Moe et eee De co Uniy. of Minn. 
Sosa GAPS Reo GUN ESR gees Be as Oa ena ne one Montefiore Hosp., N. Y. City 
SEU ORRG ba Se Ms Lone Beek ence ce oe onOnEe oe PRE nt pO ERE ett Pe eo Mayo Clinic 


SUT T sg VUE O ie ce ay oe ee ee ee Santa Barbara Cottage Hosp., Calif. 
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Saunders, Pe)ix cc... 2icec: cic lotid gp ower eense suse vine tema santo teee eee Univ. of Chicago 
Sarwiyer,. Wo Ac ieccekscnecececd cee pete, rotees cae nese eee seeee eee Rockefeller Foundation 
Sayles; Tu SP ccf idee Sotiris eee rae ee College City of N. Y. 
Seammon) Bis Bhs scitsc ex osepe alate arc cn act is ace weer Univ. of Minn. 
Schechtmian; A.M cscs cessgicsnsneeooseagetccnceventomeeeenenernes Univ. of Calif., L. A. 
Gehi@i,, Georg. ccosa a gesctsisasleeseceese os stckcctta ba ch omenet cess bine emceosonter New Haven, Conn. 
Sohiek; Béla ts scl. c eet tiece ee Mt. Sinai Hosp., N. Y. City 
Seehitty Bc 5c ce csceeee tie at vee oat Beth Israel Hosp., N. Y. City 
Gelilesimerers Mii Jiscceees oe re a aa eases emee evecare Beth Israel Hosp., Boston 
Sehloss,: Osea DM ..c:5. costes eves cecsees clone steusnceosee ee eee Cornell Univ. Med. Coll. 
Sela uatize SW cocoa aes eae ae ses cece on one one eeeerre Univ. of Chicago 
Selarmidty. Carl Bo cccth cee geste eee res doce eee Univ. of Pa. 
Schmidt, (Carr) LibesAc ce esa ea ace peepee oe gence meee Univ. of Calif. 
Sehritt, Franeis’ Ox .522:6 ic, e228 cece: eones eee eee errr Washington Univ. 
Schneider” Bid ward (Cee as oes are ae eee Wesleyan Univ. 
Schooleye sd 2 Piss cce tie oretccc Sa cees coe ecard ee Detroit, Mich. 
Sehotr;, [Saae:s 302 ese. eee eee ee Univ. of Ill. Dental Coll. 
Goel tes BS WW ssa vac Sk cet bas ae eee Stanford Univ. 
Ochualtaey Oe Eee ei ei ee eta or ceee eset St. Francis Hosp., Evanston, Ill. 
Se latbtizey We 2s cscs ee ce er Univ. of Maryland 
Schwartz, Benjamins 2 2 ee eee U.S. Dept. of Agri. 
Sebvwand 15 Lis sesscct eaten os ccae ts ccna Sea eae oh ee ee Albany Med. Coll. 
SCO btm Heures eee jathedatigheoptch ave he Ser steaa cues 20 ge ee Columbia Univ. 
Scott; By EAL eee a ee ee eee Univ. of Minn. 
Seott, (Gordo Eis. 25sec cere es ee ee Washington Univ. 
Scott, Leonard C........ ee ane ty Par EP RR RENE OB ei Se een Tulane Univ. 
Beate FUE WG ee Saar fal cate eee thre cece creme Western Reserve Univ. 
SCott, Wa dae W i cc ca tots dace eae meeat eee, eet alae eee Univ. of Rochester 
Seager” Ly Die keds ct ket At eae Step eh acne eee eee Uniy. of Tenn. 
Sears, Hy dite tensa eco ei ae eee ee Univ. of Oregon 
Seastone,, Charles! Vix. .ica 0 eee ae oe Univ. of Wise. 
Seecote David ie oo ee ee ee ee ee IN VG, City 
Seegal, Beatrice. 250... ai 2 ae eue Annes eee Coll. of Phys. and Surg., N. Y. 
Seegal, David...............-. ves Research Div. of Chronie Diseases, N. Y. City 
Beevers) Me aes! i885. an2.ht, cate ieee oe Univ. of Wise. 
meibert, LOPCICG Dy. iaecc hes eee eee Henry Phipps Inst., Philadelphia 
Sele, Haine <0. 292225) ee cose votes faeces Aa McGill Univ. 
Sendroy, Julaus ed Bisson Loyola Univ. 
Severmghas, aA stl ets ss. ese ee Coll. of Phys. and Surg., N. Y. 
Sevringhaus,lmer- Iu, oot 2. c ever ee Univ. of Wise. 
Shatter, (George Wy 27 .s tts cesar eee Stanford Univ. 
Shatter, Philipogh soiree ekca. yA cee ee ee Washington Univ. 
Slhaklee,: Ag? Olt. ce ees sete shea 5 ee ce St. Louis Univ. 
Shannon,’ J), AC ee oe cn ee gs ee N. Y. Univ. Med. 
Shapiro) Herbertiau j.ag.2oo sca soc eee Vassar Coll. 
Sharhit, Hermancss see, 2 ee Roosevelt Hosp., N. Y. City 
Sharp, (Po Hie tot ieee hoe tea ce eee ee Cornell Univ. 
Shang hnecsy, El. Falicee sce: Ores ere ee eee Tl. Dept. Public Health 
eho ge Ota) = Her b antes rte Were ne AI i Le a Univ. of 8. Dakota 


Shear, Mu iJis.ct shu 2. cecal Rese ete aia Nat. Cancer Inst., Bethesda, Md. 
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PO HOAP Oe ONATION Sen ces Seite haere eeteeneeeee eyetn te ee ease Mayo Clinie 
SOHO IEE pelctr te a A, 2 Aiea coats Mate besten aa J Gee Chicago Med. 
Nat's (TCS ag) & 1 2 (Ok eek ee nee rots oo SO On eee ee re | Columbia Univ. 
Bnermats artioy: Mi ii. 2 22. ccc cee eeee: Bureau of Science, Manila, P. I. 
SUNITA ial. dievestosh I [eas Oe cae Beet aie ae ne ee ene eee ee Cornell Univ. 
IE ee Ww va Cah 7- vk coset ete eae ae 0s ce setae ae ae he ol ee Pe Fordham Univ. 
NATE ESR ARLE 42 a. lets ener Rene ane ee ee eee es 1g Cleveland, O. 
ENON oS BE Sie Aion ts Soe eeonEer e New London, Conn. 
yeh ts 0a) ap eae eae ert ne eee ee W. Penn. Hosp., Pittsburgh 
RTD Ten ROOT Old Sarees is es eee Wi Ap ae ds Giese Univ. of Detroit 
RTO C ECMIN NV rte ct estan ab 04 ce aoe toe eh yr ge et eee Univ. of Calif. 
neo CUR (Caer bead Rien eect eS ee ee ce eee nee oe a2 Harvard Univ. 
PEIN ik iano PRN lg sph et te Sieh Rockefeller Inst., Princeton, N. J. 
norte lice a Be eh ee Ooi aes echoes Cee Coll. of Phys. and Surg. 
hiwariznran ye Greco tyse eves eee, Sens eee Re eee, Mt. Sinai Hosp., N. Y. 
er REUATE ai od 6 Eo} oan eee re ee een eee ee eee Peiping Union Med. Coll. 
SICK eS Hata COW een = ae ea! ot Scan adi di eget N. Y. State Dept. of Health 
Silberberc Mp Garin 22 28 8 oo a cea et Washington Univ. 
Pre TNE Nts chet a in es eat See eee a epee Sa ed Tulane Univ. 
Simmons, James S...................- Office of Surgeon General, Washington, D. C. 
SSEIO TI Sew ote eae rae i ok Ah et) Bs BR Lethe s oa Northwestern Univ. 
ROTI CUR DtE NEE Up Onsen eee caret nt A ORY eee BA tae ware Cate toe Queens Univ., Canada 
BSED (aire) RM) re MI Sane sole Prana Bindi urge te nls Rockefeller Inst. 
PILE SO Tee name Leonean oe el ht SE ete gE eae Coll. Phys. and Surg., N. Y. 
SULT CEI 8 ECW c 0s cl oa Renn” PEER RRR Direc ie AR a? rede Coenen! Columbia Univ. 
SHERI, ANT ANB ere ree oe eer re ep eer eee cnr ee e Wayne Univ. 
PSSST db Csi ba Reakceniar eet tee eee etn eee ON Meret Sar ene eA Cornell Med. Coll. 
SHCA Bs, CCUG eh AMEE ees aaa Mier ee Ne Re eee ae eer Bergenfield, N. J. 
Sucimial, (CAG Wavy sett eee See eer eres eee ee near ar UA eee ae oee en neti eee ek Ohio State Univ. 
Smith, David T......... Pate ae sak rt mae Co ee ae Duke Univ. 
NHC Ch os, Den gu GY Je ee ne ae ert i eer ee Iowa State Coll. 
STILL ent Clip Vision ronal oek Poet nen Sant ee parities A eae ee Univ. of Iowa 
BS THRE ET COT LC yas Vie ee wee Se aee 2 oe Hosp. for Women, Brookline, Mass. 
ISSUE lem Lek EAST yo gs ene ee ete ceteoe renee be) a thea a State Univ. of Iowa 
SS TTC EL EET TOO Ye VN see ene rete eee eee N. Y. Univ. Med. Coll. 
OE la, LEW CTICG WY rose eset eee ate eeu tes ee Temple Univ., Philadelphia 
Suaapidaly Wi leMpn a Refer bee eae ee eee eine National Inst. of Health, Washington 
SDE Us BUG gx0 Leta n Ck nade Sn ce NET OO Rie Se Ee MSPS eee Boston, Mass. 
PSETD T1205 019) CPA 0S op Ree eee Ro en te oe eee 8 Yale Univ. 
ROPRTEL Laila UL Na sees ge Es 2 spel ce RS ae oe Univ. of Tenn. 
PSnaa vues, TEMA 0) OD ee aa oe ee EASE ee OER Columbia Univ. 
RSAEA Ut Tae eRe MiG GG Beg ce aden OOS pela tes ool ee ale Uganda, EK. Africa 
Sith hid 8 Loe pte) big ee ae eee eee a ne ese Shantung Christian Univ., China 
rey ca ie okt Od UN 1 SE es ea DE Seay ROD aOR Univ. of Chicago 
oer ea ARE MEL cap weet hehe cds otien xe, Sic aay) ee ag Rel ee Mt. Sinai Hosp., N. Y. 
OCLC IAIN ELLIS VA certs oie are ch sa seeat es as SN eet or san aahi natin Tulane Univ. 
Se titer BOC 2 2 te OD eRe RE Mt. Sinai Hosp., N. Y. 
Sree Th yh Cae en ec eatastia nt toss da vaaeasece eke ya ceatendeakeens Western Reserve Univ. 
“SRE Te fang pL 0c) IME ON eee Jewish Hosp., St. Louis, Mo. 


SSLGUSN GTN CIR ear 19 UC] MRA 5 ONY oe ee Ree em eon aD Michael Reese Hosp., Chicago 
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Gouile so Mi.) Econ secocsnsttsg te eee onnuesere ese econ ere cee Univ. of Mich. 
Sperry, WAU TOM. 5 5c. c5c. 202: speetes note essere eter N. Y. State Psychiatrie Inst. 
Spiegel, Earnest ..c:css-f--.-rseac¢esanteceenecessecter ese -nre recente tee aeeeees omc tose cece Temple Univ. 
Spiegel-Adolf, Moma .:...-c.e.cescesc---.cecscrecesvensaresengen ther aeeemensncnerecraceenrerg Temple Univ. 
ies (ged Wee b tn, Senn En Spr ec rier eo ere tate niau ee rem Birmingham, Ala. 
Shoals MWg Wiosccescore PA i ee oe oe eee te Univ. of Minn. 
Sponslen,, (Oy Dac es 2 cxc.s. ce aemeceeee eet rae - ieee cee ees Univ. of Calif., L. A. 
Sporty, seh sscc ce ocen= oteaeeeer ete sprare eta cnl os tec eereetees Duke Hosp., N. Carolina 
Stansbyy Wed 5 ivscecccusgeensescepecseces cate voes vee cavnsepeeesae remnant on ne eaeernee Danville, Pa. 
Stanley, Wendel] M22 o reso hee ectseneee sateen nae ence Rockefeller Inst. 
Stanmard,s: li.) Ni ccscsecescsetes ttn cbeseacoctnoussacss ade caneptu we aeeae setae eee ane eee ee eacem Emory Univ. 
Sitar CUit bor hs Nc seia ee costs a cs sec e nhc ccna a eee este acer Cornell Univ. 
Stark, Marry iB. ccc. ccc, 200 2envt roses cs -tenwsees eoee te nae neat ae anne New York Med. Coll. 
Starry Ms Phe Becict lets lees a ee ee Northwestern Univ. Med. 
Steele;..J.olun\ Mi csp ees ee ee ae ee ee Welfare Hosp., N. Y. 
Steger dias. E Bis.ccccckeeste tocenvscte-natesceceasceee poeta tesa ee eee Univ. of Ill. 
Steinbach, M5 Maxine. 25.20 eee ee Coll. of Phys. and Surg., N. Y. 
Stemberey Berra seessecescsesecees see rers ces nreeseeneee ae Toledo Hosp., Toledo, Ohio 
pos 2) <0) Fyne | sec er ne ere A or cccicteeedoar ater e Fordham Univ. 
Stenstroms/Weallnel wise. ac. c 55 se eae Univ. of Minn. 
Stewart, arold se) sce... .xtcecersseees eee reese een rn ee ie ene a New York Hosp. 
nese any SBE! Mpa rere ee cea Nat. Cancer Inst., Bethesda, Md. 
Stall. Bragemes ccc cacao asec ete eae eee ee eee Univ. of Chicago 
Stillman, Foal ls Gscs ore oa eer ee re Cornell Univ. 
PEO OICOM sec Arse sec seueasoccessece sre schadvor ate amesemetee te eee ane een Stanford Univ. Med. 
Stoesser,, Auberty Vise. 5 sce a Bees Univ. of Minn. 
Stones C aliya i Pou sate vas nnetvereege nesta cct aaa Caen ao eee Stanford Univ. 
Stories pLeO Mi Ss ccs so. 5 5 cotee cece nc conteeea encase eee one Cee Yale Univ. 
SiOTCY, PU POM AS A: 5.22 ate te tise ae cee e  e Stanford Univ. 
fo] 209: 6) UD ae @ Pecans eine Ware ne ARNE Pe Meret CE et es. Univ. of Wise. 
trong, BACB NG IP cio) ivcnsc2s. soa meee ee eet epee eee Harvard Univ. 
UT OUSE AS OONDO Tear. sick ae et te cere eee Los Angeles, Calif. 
PSU F a OR One : Une net nen aor IME eee Ace Meme et SR Me ay Brown Univ. 
Res XC) a Orc Sree at oe Mei Ntsc he Need SC le Clinton, Conn. 
Stunkard,” Horacesi We .c..c.fcawueca eee New York Univ. 
buries Cet Cae wanted ses ce Univ. of Mich. 
SUPT, Anema cle. ce tn eee ee Memorial Hosp., N. Y. 
Sullivan, «Mis X Pee ceva a cio Georgetown Univ. 
Sullivans W alter pF Acs ccutenstsco-acceceeceeta se Univ. of Wise. 
Sulzberger, Mavion Bos... eee N. Y. Post-Graduate Med, 
SUNT Si eB tee eee ee ak eee Sees Seripps Inst., La Jolla, Calif. 
Sumner, |-J AM 08 Boo ase ak sateen te ce Cornell Univ. 
Sundstroem,. Mdwardy Sic. .c:3s..5....-: 60 2 ee Univ. of Calif. 
Sitré,. Barnett ita cto. a ee, 2 a Univ. of Arkansas 
Swann, Howards Gres oe ccc ee ee Univ. of Chicago 
SWANSON, 1 Was OW sence actresses cen ess. Shee Univ. of Chicago 
Swartzweldety.J:)Ccigaeec. ses. 0c ee Louisiana State Univ. 
Sweany,, Henry, C..t:2. 0th es ne | ee Univ. of Chicago 


Sweeney, Horry Meee eee eee ee Univ. of S. Dakota 
Sweet; J. Wid win psec cu teehee cc ee ee Cornell Univ. Med. Coll. 
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PSU ih yy cL ENaC ISS EE Rec nao cere REE Poor Sea Duke Univ. 
BS iret EOE Coe oN GSA oe ce Roce ce eee ke en ec Rockefeller Inst. 
5) Grey eat rene ea eee cee ee Se Marquette Univ. Med. 
ENSUITE N. NAVs 9G SR ne Ee ce ane iY 2 OA le Ee Princeton Univ. 
PSV CSE UG ROT BV oor ws ocche wn ens ce scacunleepland re teaneenaits Univ. of Georgia Med. 
BS RCL ORE OPO II ci eat c. cobs at oh uh eee nce eee cence ee Uniy. of Rochester 
CEOS oye PEATE 2c 0a) Deva ae ne COS ene oe ee Stanford Univ. 

A Mealy a Vet ti ln 60 Fe eee Cee, eo areca ey ee Dae Ee & Univ. of Ill. 
EES Pc pe a te ene Ce Pe Univ. of Cincinnati 
AREAS EAN, VAN, 1 Dik 22 Sa 2 AP Boa Fa Teta OL ese Bene Univ. of Wise. 
pane tml Ontys ems otto er ns Oot AOS Aa, Recah Chicago, Ill. 
SMT ayes CO) A eben 2 Pe ee CN nee re ed eee Iowa State Coll. 
URS TE GO Oe A BS Ae ce ee ene eee eer Me eens Loyola Univ. 
BEE ES CER MODE 2 aes Roti ttead, Pac Buctcectiaies Rockefeller Inst., Princeton, N. J. 
BIDRECRIR TING sae VW TD Lear ieee es ee ecole etn NE ny ge eee ee en INES Yeu City, 
BEB Te NS Nee oe Pcs cide ator cee pete seeced Saar St. Louis Univ. 
IRS okey aed CB ST ay a 0 Mea ae pe ea eo ee Univ. of S. Calif. 
sd Pavayaresise, Pail av tiene “yc ge eee er eat eae eee aetna ey ered Columbia Univ. 
BPRENOzYicissotre) Soe coe meee ot osc SE ese ence 1 Ve A even, Jefferson Med. Coll. 
{Migniiges INGHI US fs eee Physiologisch-Chemisches Inst., Leipzig 
SETURL CS CS ESR SLE nee eine ee RU ee Sey er ced Rochester, N. Y. 
Be ater ee pe cOIPCRTRETEC TN, 08050 te cacy ctotns oat oily anak egeratauee tones h eee cae yeat res Yale Univ. 
AN TECESTSEAY CRUG Ti) (2 De ee een Coll. of Phys. and Surg., N. Y. 
Abageetavogsorat, NYSMM Ee Weg LM OB see eo tee ae A eae ee Rush Med. Coll. 
LENSER CA TSS 0A 8 sR 9a Pe Eee wr eo ONT NE Colo. State Coll. 
SPILT, UWL 1S cca nani lero ae SARS notes es gear cena Rr eee ga N. Y. Univ. Med. 
BUSTS crea me eG OTC Kak austere teens eee es Senin PS TN 1 ee oe cneeeets Uniy. of Toronto 
ANoyea vanes Ip JAM OE ee ce eee ee ee Jefferson Med. Coll. 
Tolstoi, Edward........ Se eC eRe Sent Deer ee eS ROPER EE N. Y. City 
SNORT CI 0) 1 So emer cern eee ep ea eee es ee Budapest, Hungary 
SOU STE A NA 2 es a Western Reserve Univ. 
LGP ge CEs AG MO AIR Ca eee nea wee al ee ree ee EES Jamestown, N. Y. 
ROT SS 2 8 Bate ote ke et ia eRe tem le PD Oakland, Calif. 
LSS TEN oC OP ch On ce Cornell Univ. Med. Coll. 
LL ES ay Va BD Di nS i ee ec eee Western Reserve Univ. 
Rae ye Ua et ULI OL ee et caesar Beas ol cup taice eueinrs casRensecsul Cornell Univ. Med. Coll. 
GReshyits, DU, Vay es peed eee ene eR a cect ret ee ere eee Eee See eee Univ. of S. Calif. 
TAINO Meh yea seit te reat oon osteo Satrcsucbsssasiceteconbicsoostaonse Louisiana State Univ. 
4 Move) Wt D0 een ad AS ene ee ee Epidemic Prevention Bureau, China 
ALUTP OCS) aie 17 01 concer es ee a en McCormick Inst., Chicago 
BI ERR ety ce sep a ae ac os ghnilge Strat doap tae oowesainds Northwestern Univ. 
ATG TPES iy ONE Wd CEN ERE eo ay ce Re EE 2 Ry Br nr Univ. of Mo. 
AM n aio gh 6 bate) tld eres ee genie one eee Meharry Med. Coll., Nashville, Tenn. 
TU UES TEs one okie Cet 0), LB ana en et oR a PE Presbyterian Hosp., N. Y. City 
plete CMO CEE Mtoe cac sf rest shore ve ce ob iiidannncboesd atvasrpatanstoares cuvsnStcteuadus Brandon, Wis. 
JUSS A GS (2p De ae RR er eS Tulane Univ. 
EMRE HE TEOME VV con Vie ohn parece tices 2s y2a tbs oad de nape casteadtawcoaeenes State Univ. of Iowa 


Tweedy, W. R............ «MOS eae Loyola Univ. Med. 
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ens: Birredd MM c.y.coseiss costes aus reer cree anes orre rce ceane Univ. of Mo. 
Ublenhuth, Bed ward 225s 202 ses csc teereneree eee cree Univ. of Maryland 
Leics Paes Pn ER Ee Loe a rece RC cor Hormone Research Inst., Japan 
Tein “Allen, Ci Min tsscceiecectecnaec agrees tects ae ree arene Ie Wes Oiliny 

4 Via Dykes Ei Bsc ca eee cece cose eee BE. R. Squibb and Sons 
Wan. rarrevel dy iA si) 522 eee ee ene eee Calif. Inst. of Technology 
Van Liere, E. J FRAO 5 SECT RA Io ERR ek Oi A eR A Univ. of W. Va. 
Van Slyke, Dons Dyce atop nsaenrees ere een eee Rockefeller Inst 
Van, Wagenen, ‘Gertrude. i .2.ccn ee ener eee cee er Yale Univ 
Wea Wink ley OW syy cli eects as ee ee eee esas Stanford Univ. Med 
Wars, Harry: Msi sek eae cee eee Uniy. of Pa. 
Wanehan, -Stwart? Bie gys ecco eee eee Buffalo Gen. Hosp. 
Wierd eres Zale tise sneer ree eee Nat. Inst. of Health, Washington 
Viekery, “Ho Sees eee ee eee Conn. Agr. Exp. Sta. 
Victor, Sosep hss eee eee Research Div. of Chronic Diseases, N. Y. 
We dictite,, Rie WV esse seees es oo a ae ae a Univ. of Denver 
Vissehier,: J). Peaulliss.)25 so 5 ieee pee ee nee Western Reserve Univ 
Vissebier,” Maurice! Boo oieccctoe settee eee eee ee Univ. of Minn. 
Wigovetean Galen Chie ht sha noe eae nin Nat. Inst. of Health, Washington, D. C. 
Vogel * Kiar Me eee eS baa ke, aL OS em Nem 
Vonw Brand sh hep. dois seer eee eee Barat Coll., Lake Forest, II. 
Vion Elam} aE ais ES5 on oe eee ere oe ET Ohio State Univ. 
Von Qettingen, WP cccx. ees en eee ee Chevy Chase, Md. 
ade, ‘NelSOnsd 2.2.2.2 sae cece ee St. Louis Univ. 
Wadsworth, Angndtus. Bice 2.15 N. Y. State Dept. of Health 
WiakerlingnG s)he rice ota esd Msg Dy accom oo Univ. of Till. Med. 
As Bey Cpa ee ee eeereneeren eter MO ee BERT at 2 N. J. State Agr. Exp. Sta. 
WW alice pA SRW sage esc scariest cae reece ee Northwestern Univ. 
Wealer’ RO! 7 Lie acs cs, fase ee ica ee eee a Univ. of Calif. 
Wallace, George B...-22 tc eee eee ee N. Y. Univ. Med. Coll. 
Wealliein ye Tiny arya gH) 32222 oe Univ. of Colo. 
Walters, Orvilles S222 71 cme cere eee Central Coll., MePherson, Kan. 
Walton, Ds Cis «cage accent acheter ee Annapolis, Md. 
Walton, (RobertaP so. 5, taki ee Univ. of Mississippi 
Wealzer,: Matthe Woon tis seclan eee oe Brooklyn Jewish Hosp. 
Wang, oC biG ne oie ies 1 ot ee pe Children’s Hosp., Cincinnati 
Wangs So Ce Beet sckhn ieee ae ae Northwestern Univ. 
Wangensteen, Owen .H2.4..<:.:.45. 2.05 oe Univ. of Minn. 
Warner, 105/105 sx trcr sic). a1 tee ey eee State Univ. of Iowa 
Warren, Shields) 5 esse can cee eee ee Harvard Med. 
Woasherieys,: Uns. topset Sextet ere Univ. of Toronto 
‘Watson,: Cecil vd ccs techs 5. toa von te Univ. of Minn. 
Weeatrn, dis Tees mera isotypes Lakeside Hosp., Cleveland, Ohio 
‘Weber, Clarence. J .igtcra ce geno ee Univ. of Kansas Med. 
Webster, Braces. cco cci asa en ee ee Cornell Univ. Med. Coll. 
Webster, 2) UP. 2.cije cance ive ce We eter ee Presbyterian Hosp., N. Y. 


Webster, Leslie Wicca ocscccauecdit cee Rockefeller Inst. 
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Gtr eAaireds Mapa Aree tahoe 0 Ge Re ee ee Uniy. of Rochester 
ATEN Mae] Ch eon Univ. of Cincinnati 
Weech, TEA A SE eA OR RN are MIC er Coll. of Phys. and Surg., N. Y. 
Weil, feN| S ERS ITP TCA id rc a Oe Cree Ae 1 ae Pearl River, N. Y. 
Wiel Arthurs iSO Re een tna ane Ue I Northwestern Univ. 
Mectumere aramigelesl sone 0) See eS Ae Univ. of Calif., L. A. 
Sis) EUS TOSS DART See eg Harvard Med. 
UATE ES FAN ENT LESS a Sle Gel ee en ae Oe Ee eR MN J Yale Univ. 
Oral Ghmmite rin aris Ge ee oh ea ke lee Ce Syracuse Univ. 
Wiel ssu(Gin al es miner te ee eee Seen eT 8 Mt. Zion Hosp., San Francisco 
Weiss, SE ria aeeemeerree Caregen ee TS LE Ne ea ee Univ. of Ill. Med. 
BND SON Lg ON: ag pec Roth A Sa at a ae a RS ey IEE Columbia Univ. 
Weiss, IES A eee eee a ee EO Nt Nes Ee Univ. of Chicago 
Se Me HOTNT Reee are  gs te Peter Bent Brigham Hosp. 
VICUGL, SATIRE CY adele as ai ev ore ae ee ene NEE CeO Columbia Univ. 
VikeER rr AV ice nee em ce eh ee Univ. of Ill. Med. Coll. 
Petre etre Vee creme eo a et eee er ee ena Univ. of Mich. 
US TLCS 2) ETT TL de ee oe Kalamazoo, Mich. 
Mec TRESS Guiry Ss ol & [Se a eee eater ene ee eee Iowa State Coll. 
VTC Teme Acme A ewcees ce mere PES NOES Dial oe a ee ee 0 ee St. Louis Univ. 
Wiest wards meen fi eth 0d 2 ee eee Univ. of Oregon Med. 
Wiest me Lianidol iets aioe hat hse bee Presbyterian Hosp., N. Y. 
AIUMEOES BU SCER SELES BAC se en Recent feea a ee Te eed Western Reserve Univ. 
AVA esprit) Tass mes rset VV ees eee so Rome ere a eae Oe ec Ee ee he Stanford Univ. 
SNRs Osi ENE SE WW coca torn a snes ones Medes N. Y. State Dept. of Health 
Wena Gy eM bss <G fe2ay gees A ee ete ee ee ee eee nee Univ. of Rochester 
Re 2 ES 0) Ces ee ean So ee a Stanford Univ. 
Walitibe Met zai anise enc y et ee ee ean SAE ae te se Oe ee Yale Univ. 
Aki ee Ce Pe a nr BE Se I ce «Eee eae Cera ee Washington Univ. 
Vi iGDRIEe Ee: EY £27 EE a | a ee ee oe Univ. of Colo. 
Wirbless@harles sli see seen) cress Fen et etary Univ. of Nebraska 
MCN eek ees Se rein oes oe ot Oy oon cot sec enc ttibn ta nao anecriae nites Norris, Tenn. 
VCE Ae a SA ae 2 EOE als oe ee Jewish Hosp., Brooklyn 
\ ESET el B27 aad de ee ees fe Nal ne Calif. Inst. of Technology 
AW ieee OF ed Ue) acter aS Western Reserve Univ. 
VELA Sel & US RA feet d ese ic 0S aap ay BRR RE EE peer Colo. State Coll. 
VUTEC GE i aecri er  ae  a Creighton Univ. Med. 
Wiaillbewnissp. 18 enol Gh as ee ee) eer ee Children’s Fund of Mich., Detroit 
NICs DRrN 7 scgll E (G12) Ce al Bone 227 eR eR RR ire bre Re Columbia Univ. 
AIC WE Sic (gs Siac) he a a Highland Hosp., Rochester, N. Y. 
PONV a Mrcl aT Serch OLIN Vea cee aah toge nus .s ica avasveeawecbvasne -trereeree Mass. Inst. of Technology 
VV al narra SemEUG CTU LU meee seeeeerce races? acer acerca reece eee Western Electric Co. 
IN eUVG Yomi S OT patil ECE wr earasteee,opnavcssartn-bscocenenspasesageedsciuesuacenéeaseneaes Univ. of Rochester 
RV VARMA EL CLIO, AS ce ceo cece dtadoncrecaniccananin ee Maybury Sanitarium, Northville, Mich. 
BV TaD VALU NG ete ent nen ock ateenscreen cei neon ataze uptrancaran'sovetetreesoctoriesc=rs, Univ. of Pa. 
Bey eu RCT UCD coer ees ereesea ra stint ists: Sn nleaasey camer ogpevecnsardcoectesostia <2 Univ. of Mich. 
BV Narr ssy ETON NY Vie ascertains, Scape ta /8b 2 ose caventinaehnwsce spades acres senensben eee Brown Univ. 
NISC SES CRESS tien ese ns ge Sa Oo pee eee eee Re eee ....yracuse, N. Y. 
IFA CO NLC EOE eee Street ag odie et ooo nccse secrete oc nas ceascaeeesae se U. S. Dept. of Agri. 


AIEEE OAS UES aeaoe pty ie Seer Panes ee 2 Po eine ene Northwestern Univ. 
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Winslow}: C.-T ss haces cnc cespeseeeer ee cet es oe oe Yale Univ. 
Wanters © Ane ee sok pe SS ae Petes SA ee ere State Univ. of Iowa 
Winternitz, Miltom © C.222....2-.u.ssc-csecensensneeensnnecsceresenescesnneenenrenensnsanarecee Yale Univ. 
Winterstemer, Oskar. 2 poco eee Coll. of Phys. and Surg., N. Y. 
AWVGKSCNONE NG, 18% Ue ce eeceetercetee sogbiscwie lode lacs 2 et ee ee Ohio State Univ. 
W ite Dkk Vig sas ecg oS coetee cece ean desea seems a eee eee Buffalo Gen. Hosp. 
WitSebriy Hbrai.c..cesacecnccsccecsseovesestscesesncnaguedBentcoestaeecssnsicesest babe 9 UIA On grees 
"Writzemianin,, Hod genre dict ote aco sea ee ee Univ. of Wise. 
"Weog bonny Wa Els. case whe ee cach nc caer eee ese area Columbia Univ. 
Wrolbacky, SWB xc2cpctegese tases cea Harvard Univ. 
Bn) ker peels Retpaeeceesee ee eee ee nee RP AR Po seep Albany Med. Coll. 
Wood, Francis: C.occcctsctcpeSicosenevnecscheccsatecenaeeetne aed assed be) Le SL Os Dyanna 
Woodrutt, Tus Vass se. 2a ecko second sacned cea see eee ee eee Yale Univ. 
Warne Tit, ei Atretla tare: Wyss o ooo soca caesar eee ene eee meee Albany Med. Coll. 
Wright, Harold Nicest ee eee Univ. of Minn. 
Warts hitysl vino Sree cee oe eee ee es Cornell Univ. Med. Coll. 
Wr, EA Sle ray eh ese acct ssc ecco ceece cece tenn eee Peiping Union Med. Coll. 
Wairlzem Ros ailing ces eos.ccc cree 2 eee Oregon State Coll. 
Wryekotis Ri We G..sc is stone ee eee Lederle Lab., Pearl River, N. Y. 
“¥ atsu, Navoltid esis i232 otere eee eee ee ee Zoological Inst., Tokyo, Japan 
MOA G Oly oe) Wicca oes coa sce es eas een eae Beltsville, Md. 
Yerkes, Robert (0c... etiss, cass 3 teaaees See vee ee Yale Univ. 
Yiombkom ain't SHS 2 Ces ae st eae ee ee Wayne Univ. Med. 
Youland-s Whale mirbis, Jr. sess eee ee nee ee N. Y. Med. Coll. 
Womans Wi. Bk ck oa ere cc eee Univ. of Oregon Med. 
Young,,.0) Cees. cea Pere ot et nestrd rr 8 2c Dept. of Health, Mich. 
Young, Wolliam Cs. 22 ae ee Orange Park, Fla. 
Youngburey Guys H2.. .0:. 28 tee ee Univ. of Buffalo Med. 
Yudkin,Aggbar. Mc: 5 ere eee hee ioe eee Yale Univ. 
eck wer, sol dei Tih 22. 2.5 occa ene Univ. of Pa. 

1 AC) bol Piet © pane aan nin Pee EERE ES Ge Camby, Ind 
ZL, 09s EL cere recat aca nectar eee Peiping Union Med. Coll. 
Deg ler Mig tetas atic ae ee eee .....Univ. of Minn. 
Zimmerman, Parry Morita. ea ee Yale Univ. 
Zinsser, Wang. 222. Aves avcnncac soto iseepehinee Harvard Univ. 
ZoBell, (Claude iB xc. eect tc es ee Seripps Inst. of Oceanography 
Zondek, Bernhard esc acs ne ee Jerusalem, Palestine 


Zucker, Theodore te itecs csc cee Columbia Univ. 
Zwemer,: Hislias erenerer es... aoe eee Coll. of Phys. and Surg., N. Y. 
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Sections 
Cleveland, O., Section 


Western Reserve University—Beck C. S., Collett M. E., Crile G. W., 
Dalton A. J., Doull J. A., Ecker E. E., Ernstene A. C., Feil H., Fraps R. M., 
Freedlander 8. O., Gerstenberger H. J., Goldblatt H., Gregg D. E., GyG6rgy P., 
Hambourger W. E., Hanzal R. F., Hayman J. M. Jir., Heymann W., Hun- 
scher H. A., Karsner H. T., Kline B. 'S., McCullagh D. R., Megrail E., Mull 
J. W., Muntwyler E., Myers V. C., Quigley J. P., Reichle H. S., Scott R. W., 
Shibley G. S., Sollmann T., Toomey J. A., Trattner H. R., Visscher J. P., 
Wearn J. T., Wetzel N. C., Wiggers C. J. 

Miscellaneous—Cohen M. B., Dominguez R., Glasser O., Haden R. L., 
Peskind S. 


District of Columbia Section 


Armstrong C., Balls A. K., Bengston I. A., Blum H. F., Branham S. E., 
Byerly T. C., Cram E. B., Crittenden P. J., Csonka F. A., DeSavitsch E., 
Dyer R. E., Dyer H. M., Earle W. R., Evans A. C., Friedman M. H., Her- 
wick R. P., Hess W. C., Holm C. F., Howe P. H., Jackson R. W., Juhn M., 
Katzenelbogen §., Koppanyi T., Lands A. M., Leake J. P., Leese C. E., 
Linegar C. R., McKinley E. B., Maloney A. H., Maver M. E., Meigs E. B., 
Nelson E. M., Parr L. W., Pittman M., Roe J. H., Roth G. B., Schwartz B., 
Simmons J. S., Smith M. I., Sullivan M. X., Verder E., Voegtlin C. 


Illinois Section 


University of Chicago—Adams W. E., Alving A. S., Barron E. S. G., 
Bloch R. G., Bloom W., Boor A. K., Brunschwig A., Burrows W., Cannon 
P. R., Carlson A. J., Chen G. M., Child C. M., Compere E., Dack, G. M., 
Dick G. F., Dieckmann W. J., Domm L. V., Dragstedt L. R., Eichelberger L., 
Friedemann T. E., Gallagher T. F., Geiling E. M. K., Gerard R. W., Ham- 
ilton B., Hanke M. E., Harrison R. W., Hesseltine H. C., Johnson C. A., 
Kleitman N., Kliiver H., Koch F. C., Koser S. A., Leiter L., Lille F. R., 
Lillie R. S., Luckhardt A. B., McLean F., Miller C. P. Jr., Moore C. R., Mul- 
lin F. J., Pfeiffer C. C., Phemister D. B., Ragins I. K., Robertson O. H., 
Saunders F., Schultz F. W., Snyder F. F., Still E. U., Swann H. G., Swan- 
son W. W., Sweany H. C., Weiss P. A. 

University of Illinois—Arnold L., Bachem A., Bergeim O., Cole A. G., 
Cole W. H., Gellhorn E., Herrold R. D., Keeton R. W., Levinson S. A., 
McGuigan H. A., Nedzel A. J., Oldberg E., Pilot I., Puestow C. B., Reed C. 
I., Roberts E., Rose W. C., Rosenthal S. R., Schour I., Steggerda F. R., Tan- 
ner F. W., Wakerlin G. E., Weiss E., Welker W. H. 

Northwestern University—Abt A. F., Alt H. L., Bing F. C., Davenport 
H. A., Day A. A., Dragstedt C. A., Farmer C., Gunn F. D., Hepler O. E., 
Ivy A. C., Jones K. K., Jung F. T., Kendall A. I., Lueth H. C., Muehlberger 
C. W., Pollock L. F., Ranson S. W., Rhoads P. S., Simonds J. P., Starr M. 
P., Strouse S., Turner C. D., Walker A. W., Wang S. C., Weil A., Windle 
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Miscellaneous—Andrews E., Boyd T. E., Buchbinder W. C., Davis D. J., 
Davis M. E., Givens M. H., Caen 13), Be, Hien: WE ANg Hofman Wie Ss 
Horwitt M. K., Howell K. M., Katz L. N. , Kemp J. E., enn Richards R., 
Kunde M. M., Tien dip Ht MeJunkin F. ne Necheles H., Nielsen C., Nice 
My, 1B}, Gesing Fe B. Penne H. L., Pribram E., Roberts R. oO Rosahn P. Dy 
Schultz Ome Seiidror da dines Ghauginess H. J., Sheinin J. J., Soskin &., 
Tauber H., enplean Iie, ID Thompson W: 0; Tunnicliff R., Twoody W. R., 
von Brand oe 


Iowa Section 


State University of Iowa—Barer A. P., Berg C. P., Bodine J. H., Daniels 
A. L., DeGowin E. L., Fowler W. M., Gibson R. B., Greene J. A., Gross E. G., 
Hale W. M., Hines H. M., Ingram W. R., Jahn T. L., Jeans P. C., Knowlton 
G. C., Korns H. M., Loehwing W. F., McClintock J. T., Mattill H. A., Paul 
W. D., Plant O. H., Plass E. D., Smith F. M., Smith H. P., Steindler A., 
Tuttle W. W., Warner E. D., Winter C. A., Witschi E. 


Iowa State College—Becker E. R., Buchanan R. E., Fulmer E. I., Ham- 
mer B. W., Hewitt E. A., Levine M., Nelson V. E., Smith E. A., Tauber O. 
E., Werkman C. H. 


Minnesota Section 


University of Minnesota—Amberg §., Anderson J. E., Bieter R. N., 
Blount R. F., Bollman J. L., Boothby W. W., Boyden HE. A., Burr G. O., 
Clawson B. J., Evans G. T., Fahr G., Fitch C. P., Gortner R. A., Green R. 
G., Hansen A. E., Hemingway A., Henrici A. T., Hirschfelder A. D., Jack- 
son C. M., Kendall E. C., Keys A., King J. T., Larson W. P., McKinley J. C., 
McQuarrie I., Miller E. S., Palmer L. S., Petersen W. E., Rasmussen A. T., 
Rosenow E. C., Samuels L. T., Sanford A. H., Scammon R. E., Scott F. H., 
Skinner C. E., Spink W. W., iC oatran W., ctoomee Ans Vinee M. B, 
Wangensteen 0. H., Watson C. J., Wright H. N., Ziegler M. R. 


_ Mayo Foundation—Alvarez W. C., Essex i. E., Helmholz H. F., Hig- 
gins, G. M., Hinshaw H. C., Magath T. B., Mann F. C., Sheard C. 


Missouri Section 


St. Louis University—Auer J., Broun G. O., Christensen K., Doisy E. A., 
Fleisher M. 8., Franke F. E., Graves W. W., Griffith W. H., Hertzman A. B., 
Jones L. R., Katzman P. A., Kinsella R. A., Kuntz A., Luyet B. J., Me- 
Caughan J. ‘M., Maison G. ites Shaklee A. 0, Thayer S. A., Wade N. J. 
Werner A. A. 


Washington Umversity—Alexander H. L., Barr D. P., Bartley S. H., 
Bishop G. H., Bronfenbrenner J., Bulger H. es Cooke J. ve Con C.F, 
Cowdry E. ve Erlanger J., Gilson AOS. drs Graham E. A., Graham ls Ro 
Heinbecker P., Faliane eds A., Key J. A., inen L. NOreary Ay Mi Olmstead 
Wal. Ronzoni E., Schmitt F. on Scott G. Jeb Shaffer Pops. Silpesbere M., 
Wenner Went White Bo. 


Miscellaneous—Ellis M. M., Gray S. H., Hogan A. G., Jorstad L. H., 
McKenzie F. F., Pinkerton H. Sone M., Tener Co Ws bee F. M. 
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New York Section 


Carnegie Institute—Bates R. W., Blakeslee A. F., Davenport C. B., 
MacDowell E. C., Ponder E., Riddle O. 


College of the City of New York—Dawson J. A., Etkin W., Goldforb A. 
J.. Harrow B., Sayles L. P. 


Columbia University—Barth L. G., Calkins G. N., Dunn L. C., Eddy W. 
H., Gregory L. H., Heft H. L., MacLeod G., Sherman H. C., Rose M. S., 
Woglom W. H. College of Physicians and Surgeons—Abramson H. A., An- 
dersen D. H., Atchley D. W., Barach A. L., Bauman L., Berg B. N., Boots 
R. H., Chargaff E., Clark A. R., Clarke H. T., Copenhaver W. M., Danforth 
D. N., Dawson M. H., Detwiler S. R., Dochez A. R., Draper G., Elsberg C. A., 
Engle E. T., Geyelin H. R., Gies W. J., Goettsch E., Gregersen M. I., Gut- 
man A. B., Hanger F. M. Jr., Heidelberger M., Heiman J., Hopkins J. G., 
Jobling J. W., Jungeblut C., Kendall F. E., Kesten H. D., Kurzrok R., 
Levin L., Levy R. L., Lieb C. C., Loeb R. F., McIntosh R., Meyer K., Miller 
E. G. Jr., Mulinos M. G., Myers C. N., Olmstead M. P., Oppenheimer B. S., 
Ornstein G. G., Palmer W. W., Pappenheimer A. M., Richter M., Root W. S., 
Seott E. L., Seegal B. C., Severinghaus A. E., Smelser G. K., Smetana H., 
Smith P. E., Sperry W., Steinbach M. M., Thomas A. W., Thompson R.., 
Turner K. B., Webster J. P., Weech A. A., Weiss H., Weld J. T., West R., 
Williams H. B., Wintersteiner O., Zucker T. F., Zwemer R. L. 


Cornell University Medical College—Bagg H. J., Behre J. A., Blau N., 
Cattell M., Cecil R. L., Chambers W. H., DuBois E. F., DuVigneaud V., 
Edwards D. J., Elser W. J., Ewing J., Furth J., Gold H., Grace A. W., 
Hatcher R. A., Hinsey J. C., Hannon R. R., Kahn M. C., Ladd W. S., Levine 
S. Z., Linton R. W., Loebel R. O., Miles W. L., Milhorat A. T., Moore R. A., 
Opie E. L., Papanicolaou G. N., Phillips R. A., Pollack H., Reznikoff P., 
Robinson G. C., Schloss O. M., Shorr E., Smith C. H., Stewart H. J., Still- 
man R. G., Sweet J. E., Torrey J. C., Webster B., Wright I. 8S. 


Montefiore Hospital—Baumann HK. J., Ellinger F. P., Levine M., Marine 
D., Perla D., Ringer M., Rosen 8. H., Sandberg M. 


Mt. Sinai Hospital—Baehr G., Bender M. B., Bierman W., Crohn B. B., 
Doubilet H., Epstein A. A., Frank R. T., Geist S. H., Harkavy J., Hollander 
F., Karelitz S., Kohn J. L., Ottenberg R., Rothschild M. A., Salmon U. J., 
Schick B., Shwartzman G., Sobotka H. H. 


New York Medical College—Coombs H. C., Cope O. M., Danzer C. &., 
Dotti, L. B., Kleiner I. 8., Stark M. B., Tauber H., Youland W. E. 

New York University Medical College—Bakwin H., Barber W. H., Bo- 
dansky O., Brooks H., Burstein C. L., Cannan R. K., Chambers R., Charip- 
per H. A., Co Tui F. W., DeBodo R., DeGraff A. C., Hisberg H. B., Francis 
T. Jr., Gaunt R., Gettler A. O., Goldfarb W., Goldfelder A., Goldring W., 
Greenwald I., Helff O. M., Polliffe N. H., Levy M., McEwen C., Martin S. J., 
Nadler J. E., Neuwirth I., Peck S. M., Pellini E. J., Ralli E. P., Ratner B., 
Saslow G., Shannon J. A., Smith H. W., Stunkard H. W., Symmers D., 
Tillett W. S., Wallace G. B. 

New York Post-Graduate Medical School—Bailey C. V., Bruger M., Cohn 
M., Chace A. F., Crampton C. W., Halsey R. H., Kast L., Katayama I., Kil- 
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lian J. A., MacNeal W. J., Mosenthal H. O., Marshall C. Jr., Sulzberger 
M. B. 

Princeton University—Conklin E. G., Harvey E. N., Johnson F. H., 
Swingle W. W. 

Rockefeller Institute—Amoss H. L., Avery O. T., Baker L. E., Bauer J. 
H., Bergmann M., Binger C. A. L., Brown W. H., Burch G. E., Claude A., 
Cohn A. E., Cole R., Dubos R. J., Farr L. E., Flexner §., Florence L., Gas- 
ser H. S., Goodner K., Greene H. S. N., Horsfall F. L. Jr., Jacobs W. A., 
Kidd J. G., Kunitz M., Landsteiner K., Lennette E. H., Levene P. A., Lynch 
C. J., MacMaster P. D., Michaelis L., Mirsky A. E., Murphy J. B., Murray 
H. A. Jr., Northrop J. H., Olitsky P. K., Osterhout W. J. V., Pearce L., 
Rivers T. M., Rous P., Shope R. E., Smadel J. E., Stanley W. M., Swift H. 
F., Ten Broeck C., Van Slyke D. D., Webster L. T. 

Rutgers University—Anderson J. F., Cole W. H., Leonard S. L., Murray 
T. J., Nelson T. C., Reece R. P., Waksman S. A. 

Yale University—Allen E., Anderson R. J., Baitsell G. A., Barbour H. 
G., Bayne-Jones §., Blake F. G., Chittenden R. H., Cowgill G. R., Dorfman 
R. I., Duran-Reynals F., Dusser de Barenne J. G., Fulton J. F., Gardner W. 
U., Gilman A., Goodman L., Harrison R. ‘G., Harvey ‘8. C., Hussey R., John- 
son T. B., Miles W. R., Morse A., Nicholas J. 'S., Orten J. M., Oughterson A. 
W., Peters J. P., Powers G. F., Rettger L. F., Rosahn P. D., Smith P. K., 
Stone L. S., Thompson K. W., Van Wagenen G., Weinstein L., White A., 
Winslow C.-E. A., Winternitz M. C., Woodruff L. L., Yerkes R. M., Yudkin 
A. M., Zimmerman H. M. 


Miscellaneous—A dlersberg D., Ansbacher 8., Antopol W., Barlow O. W., 
Berg W. N., Blair J. E., Blatherwick N. R., Block R. J., Bernhard A., Bodan- 
sky A., Brand E., Brodie M., Brown R., Bullowa J. G. M., Byrne J., Cerecedo 
L. R., Cheney R. H., Ciark G. W., Chow B. F., Coca A. F., Coggeshall L. T., 
Collens W.'S., Cook C. A, Cuniinohant R. S., Curtis M. R., Dakin H. D., 
Dalldorf G., Wactes Jal. R, Dubin H. E., Du; Bois F. S., Berston Ax AS, 
Famulener ie W., Ferraro me Field C. W., Fine M. §., Hichters IDs deb. 
Forkner C. E., Frankel F. lel, Pecedien i ep Gera J., Funk C., Gager, C.\S;, 
Garbat A. L., Gardner L. U, Gelarie A die Caden E., Golders Se vale: 
Goldfarb W., Greene Gr, Jal. aarecn R. O., Haig °C. rte ae F., Harris M. M., 
Harrop G. A Jr., Hawk P. Bs Fuieicn Jeb, 1 ances C. W., Huntoon F. 
M., Irwin M., Narcan Ase OFF ate lak, Wis, We Jel, 1D. Keren Whe IB 
eee M., Kanon AS ioek i.) PO Ropeloft N., Koster H., Kramer B., 
Krasnow F,, Race SNe Kane Aly (Cry. Tampere R. A., Lertreneld D. 
K., Landis C., Levin L., fee Pe Tice a L., Loewe S., Moles AT AS 
Mackenie G. M., Maltaner E. ii Maltaner F., evi Vile “Manmontan a 
Marsh R. P., Mates A. M., Medlar E. M., Mover AGuE., ’ Millet he Alka 
Molitor H., Morrell J. A., Macken nse Rao. Nene G. K. ik Obreshkove V., 
Oliver J., Oliver WW, Pek Gat. Petroft 8. A., Pinner M., Rake G. W., 
Rakierou! ME ie mruary G. Be Rowen L., Reynolds ’g. R. M., Rhonde GPs 
Richards L. B., Rizzolo A., Ronientare Goh. Rose. A. R, Rosenthal L., 
Ross V., Rugh R,, Russell W. C., Salant W. Shri W. Az, Scheff Gs Schiff 
1 Schneier EK. C., Schultz W. Val. Sarrind rie ou es Seecof De Se e5) D.. 
cipro H., Sharlit HL, Sherwin C. m), Shilling C. W., Sickles G. i BF Satu 
C. A, Soffer Lads Steele J. M, Stekol A ies oe Stucky Cre Sugiura en 
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Thalhimer W., Tolstoi E., Torrance C. C., Van Allen C. M., Van Dyke H. B., 
Vickery H. B., Vietor J., Vogel K. M., Wadsworth A. B., Walzer M., Wheeler 
M. W., Weil A. J., Wiener A. S., Williams R. R., Wolfe J. M., Wood F. C., 
Wright A. W., Wyckoff R. W. G. 


Pacific Coast Section 


University of California—Almquist H. J., Althausen T. L., Asmundson 
V.%., Bishop K. S., Brooks M. M., Brooks S. C., Carr J. L., Chaikoff I. L., 
Cole H. H., Connor C. L., Cook 8. F., Daniel J. F., Evans H. M., Goldschmidt 
R., Goss H., Greenbere D. M., Gregory P. W., Gurchot C., Hart G. H., Hin- 
man F., Hobmaier M., Hoskins W., Howitt B. F., Jukes T. H., Kaplan A., 
Kerr W. J., Kleiber M., Kofoid C. A., Krueger A. P., Lawrence J. H., Leake 
C. D., Lipman C. B., Lueas W. P., Lucia S. P., Lyons W. R., Marshall M. S., 
Mettier S. R., Meyer K. F., Morgan A. F., Mudge C. S., Ogden E., Okey R. 
H., Olmsted J. M. D., Perry I. H., Reed H. S., Rinehart J. F., Salle A. J., 
Schmidt C. L. A., Shock N. W., Sundstroem HE. E., Walker BH. L. 

Stanford University—Addis T., Barnett G. D., Baumberger J. P., Beard 
P., Binks L. R., Bloomfield A. L., Clifton C. E., Cutting W. C., Danforth 
C. H., DeEds F.., Dickson E. C., Dock W., Emge L. A., Faber H. K., Field J., 
Fluhmann C. F., Gray H., Hall V. E., Hanzlik P. J., Holman E., Jiameson 
K., Luck J. M., McNaught J. B., Manwaring W. H., Meyer A. W., Newman 
H. W., Read J. M., Reichert F. L., Richardson A. P., Schultz E. W., Shafer 
G. D., Stockton A. B., Stone C. P., Storey T., Tainter M. L., VanWinkle 
W. Jr., Weymouth F. W., Whitaker D. M., Wilson R. 

Miscellaneous—Katon M. D., Geiger E., Graeser J. B., Koehler A. E., 
Langstroth L., Larson C. E., Pencharz R. I. Proescher F., Sansum W. D., 
Torrey H. B., Weiss C. 


Peiping Section 


Peiping Union Medical College—Adolph W. H., Anderson H. H., 
Chang H., Chen T. T., Chu F. T., Chung H. L., Feng T. P., Fortuyn A. B. D., 
Frazier C. N., Hoeppli R. J. C., Hu C. H., Kronfeld P. C., Li, R. C., Lim 
Calum kh. Ke, lanie-C, lias: HY Ma W. C. Mu'J, W.,)Sia Kh. He. P.; 
Fsen 8.7. H., Wu k., Zia 5. H. 

Miscellaneous—Chang H. C., Cheer 8. N., Hou H., Ni T., Pak C., Read 
B. E., Smyly H. J. 


Southern Section 


Tulane University—Bass C. C., Bliss S., Cohn IL., Craig C. F., Cummins 
H., Duval C. W., Faust E. C., Halsey J. T., Harris W. H., Hathaway E. 6., 
Katz G., Laurens H., Mayerson H. S., Matas R., Menville L. J., Musser J. 
H. Jr., Nadler S. B., Nelson E. E., Ochsner E. W. A., Scott L. C., Silverman 
D. N., Sodeman W. A., Turner R. H. 

Louisiana State University—Ashman R., Beard H. H., Brooks C., Bur- 
don, K. L., Burns E. L., Casey A. E., Eaton A. G., Halpert B., Reynolds C., 
Swartzwelder J. C. 

Miscellaneous—Bodansky M., Carmichael E. B., Decherd G. M., Eberson 
F., Herrmann G. R., Keller A. D., Tripoli C. J., Walton R. P. 
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Southern California Section 


California Institute of Technology—Borsook H., Morgan T. H., van 
Harreveld A., Wiersma C. A. G. 

University of California at Los Angeles—Allen B. M., Ball G. H., Beck- 
with T. D., Dunn M. S., Fearing F., Gengerelli J. A., Schechtman A. M., 
Sponsler O. L., Weinberg 8. J. 

University of Southern California—Baldwin F. M., Butt E. M., Butts 
J. S., Deuel H. J., Drury D. R., Greeley P. O., Hall E. M., Hoyt A. P. S., 
Kessel J. F., Lindegren C. C., McKibben P. §., Thienes C. H., Travis L. E. 

Scripps Institution of Oceanography—Fox D. L., Sumner F. B., Zobell 


Miscellaneous—Alles G. A., Ball H. A., Bogen E., Bonner J., Burrows 
M. T., Gilchrist F. G., Lamson R. W., MacKay E. M., Nathanson M. H., 
Oslund R. M., Pohlman A. G. 


Western New York Section 


University of Buffalo—Atwell W. J., Bowen B. D., Dolley W. L. Jr., 
Hdwardse G., Emery F. E., Griffith F. R., Hubbard R. S., Humphrey R. R., 
Neter E., Richards O. W., Vaughan S. L., Witebsky E., Youngburg G. E. 

Cornell University—Asdell §. A., Dukes H. H., Dye J. A., Hagan W. A., 
Hayden C. E., Liddell H. S., Maynard L. A., Norris L. C., Rahn O., Romanoff 
A. L., Sharp P. F., Sherman J. M., Stark C. N., Sumner J. B., Travell J. 

University of Rochester—Adolph E. F., Berry G. P., Bloor W. R., Brad- 
ford W. R., Burns R. K. Jr., Claussen S. W., Corner G. W., Fenn W. O., 
Hodge H. C., McCann W. S., McCoy O. R., Morton J. J., Murlin J. R., 


Pearse H. E., Scott W. J. M., Syverton J. T., Wedd A. M., Whipple G. H., 
Willer B. H. 


Syracuse University—Brewer R. K., Dooley M. S., Hegnauer A. H., 
Knowlton F. P., Manwell A..D., Mitchell O. W. H., Robb J. S., Weiskotten 
H. G., Wilson J. R. 

Miscellaneous—Butcher E. O., Hess W. N., Maughan G. H., Pinner M., 
Thomas W.S., Williams J. R. 


Wisconsin Section 


Umwversity of Wisconsin—Bast T. H., Bradley H. C., Bunting C. H., 
Casida L. E., Clark P. F., Cole L. J., Duggar B. M., Elvehjem C. A., Eyster 
J. A. E., Gilbert KE. M., Guyer M. F., Hart E. B., Hastings E. J., Irwin M. R., 
Keitt G. W., Lorenz W. F., McClung L. S., Meek W. J., Meyer O. O., Meyer 
R. K., Middleton W. S., Nichols M. §., Parsons H. T., Phillips P. H., Reyn- 
olds C., Rusch H. P., Seastone C. V., Seevers M. H., Sevringhaus E. Ibi 
Stovall W. L., Sullivan W. E., Tatum A. L., Walton D. C., Witzemann E. J. 

Miscellaneous—Beckman H., Bock J. C., Carey E. J., Hansmann G. H., 
Quick A. J., Swindle P. F., Turner R. G. 


Not Affiliated With Sections 


Alabama—Foley J. O., Goss C. M., Hinman E. H., Spies T. D. 
Arkansas—Day P. L., Sure B. 
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Colorado—Boissevain C. H., Buchanan A. R., Clausen H. J., Corper H. 
J., D’Amour F. E., Draper W. B., Gustavson R. G., Hall I. C., Hill R. M., 
Huddleston 0. L., Poe C. F., Ramaley F., Thorp F. Jr., Virtue R. W., Wallin 
I. E., Whitehead R. H., Wilgus H. S. Jr. 


Florida—Coghill G. E., Young W. C. 


Georgia—Briggs A. P., Kelly G. L., Lamar R. V., Mattler F. A., Stan- 
nard J. N., Sydenstricker V. P. 


Indiana—Bills C. E., Chen K. K., Clowes G. H. A., Corley R. C., Cox 
W. M. Jr., Helmer O. M., Page I. H., Powell H. M., Zerfas L. G. 


Kansas—Walters O. S., Weber C. J. 
Kentucky—Brown L. A., Edwards P. R., Knoefel P. K., Lawson H. C. 
Maine—Little C. C., Morse T. S. 


Maryland—Johns Hopkins University—Blumberg H., Brown J. H., 
Buell Mary V., Burky E. L., Cohen B., Eastman N. J., Ellsworth R. M., 
Firor W. M., Geiling E. M. K., Holt L. E. Jr.,. Howe H. A., Jennings H. S., 
Keiles E. O., Lee F. S., Leonard V., Long P. H., Longeope W. T., McCollum 
EK. V., Macht D. I., Marshall E. K. Jr., Marshall W. H., Martin L., Maxcy 
K. F., Meyer A., Park KE. A., Pearl R., Pfeiffer J. A.. Rich A. R. Miscel- 
laneous—Amberson W. R., Figge F. H. J., Frobisher M. Jr., Hartman C. 
G., Henshaw P. S., Krantz J. C. Jr., Rubinstein H., Shear M. J., Stewart H. 
L., Uhlenhuth E., Von Oettingen W. F., Walton D. C., Yeager J. F. 

Massachusetts—Boston City Hospital—Keefer C. S., Mallory F. B., Nye 
R. N., Minot G. R., Salter W. T. Harvard University—Aub J. C., Blackfan 
K. D., Blumgart H. L., Cannon W. B., Christian H. A., Cutler E. C., Enders 
J. F., Ferry R. M., Fevold H. L., Fitz R., Forbes H., Gamble J. L., Hastings 
A. B., Hisaw F. L., Hunt R., Joslin E. P., Kurotchkin T. J., Lee M. O., 
Menkin V., Moritz A. R., Mueller J. H., Nathanson I. T., Pappenheimer A. 
M. Jr., Parker G. H., Quinby W. C., Shohl A. T., Stiles P. G., Strong R. P., 
Warren S., Weinman D., Wolbach S. B., Zinsser H. Miscellaneous—Adams 
A. E., Altschule M. D., Anderson W. E., Belding D. L., Carmichael L., Cole 
E. C., Dienes L., Dieuaide F. R., Fine J., Freeman R. G. Jr., Gilligan D. R., 
Glaser O. C., Green H. D., Hooker 8. B., Jacobs J. L., Looney J. M., Mala- 
mud W., Mitchell H. S., Muller G. L., Parker F. Jr., Pratt F. H., Pratt J. H., 
Rapport D., Robinson E. S8., Rubin M. A., Schlesinger M. J., Smith G. V., 
Smith M., Weiss S., Williams J. W. 

Nichigan—University of Michigan—Bean J. W., Bernthal T. G., Christ- 
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